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• Signal processing 
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• Image processing 

• Wavelet design 

• Fuzzy logic control design 
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else is history. 

As engineers, it's hard enough to be constrained by physics, don't be 
constrained by software. IronCAD brings freedom to design with its 
revolutionary Design Flow™ architecture — the first and only non-history 
bound solid modeling system with the power to capture design intent 
without design intent capturing you. In the real world, you can't 
anticipate or "intend" everything required from concept to production. 
Unlike existing solid modeling systems, IronCAD enforces design intent 
when it makes sense, and allows design freedom when it doesn't. 
Need more data? Of course — we're engineers aren't we? 


www.ironcad.com 


Join the revolution or be left behind. 

1 - 800 - 339-7304 
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/n science, technology, engineering, 
finance, medicine, research, education 
— over a million professionals and stu- 
dents now rely on Mathematica to do 
their work. 


For projects large and small, from initial con- 
cept to final report, Mathematica has 
defined the state of the art in technical com- 
puting for nearly a decade. 


ADVANCED LANGUAGE 

Award-winning intuitive symbolic language 
• Procedural, functional, list-based, rule- 
based, and object-oriented programming • 
Uniform symbolic expression representation 
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import of standard graphics formats 
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notation rules 


SYMBOLIC COMPUTATION 

State-of-the-art computer algebra algorithms 
• Simplification • Polynomial factoring and 
manipulation • Symbolic integration • Alge- 
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and string processing 


NOTEBOOK DOCUMENTS 

Interactive documents with text, graphics, 
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range of formatting options • Automatic 
optimization for screen and print • Export 
capabilities in TgX, HTML, and more • Fully 
programmable symbolic representation • 
Free MathReader " 


FULL SERVICE 

3000+ pages of award-winning 
on-line documentation • Three 
levels of technical sup- 
port and consulting • 
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Flexible academic site 
programs • Versions for 
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Twelve years ago, the Chernobyl Unit Four nuclear 
power plant in the Ukraine suffered a massive reac- 
tor explosion. In order to contain deadly radiation, a 
concrete sarcophagus was built around the reactor. 
That structure, however, is decaying. The Depart- 
ment of Energy (DOE), NASA and academic and pri- 
vate-sector scientists are collaborating to build a 
robot called Pioneer, a four-foot-tall, half-ton cross 
between a tractor and a tank. Pioneer will inspect the 
interior of the reactor, capturing hundreds o f images 
that will be used to build a "virtual world" of the 
damaged reactor. Silicon Graphics workstations and 
supercomputers are being used to create this photo- 
realistic view. See the Application Brief on page 32 
for more information on the Chernobyl project. 

(Illustration by Bryon Laffitte) 
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In Linear Static Stress Analysis, the forces 
must sum to zero. The effect of the sec- 
ond gear is simulated by an assumed force 
or pressure at a single instant in time. 


In Algor’s Mechanical Event Simulation, the forces sum to Mass times 
Acceleration (F=MA). Impact forces are transmitted through actual 
contact between the teeth during gear acceleration. 


In traditional linear static stress analysis, you begin by 
building an FEA model. Then you set up boundary 
conditions to anchor the model in three-dimensional 
space. 

If the boundary conditions fail to stop the model from 
moving in all six primary directions (three degrees of 
freedom in translation and three in rotation), the static 
FEA process cannot work. After setting up the bound- 
ary conditions, you then apply the moment (M) or 
torque, which could be generated by an electric motor, 
and an assumed force (F) or pressure to simulate the 
reaction of the second gear. After analysis you will 
have a stress contour for one point in time. 

Because the gear teeth are constantly clashing in a 
random way, the impact forces cannot be known with 
any precision. 

New: 


When the analy- 
sis runs, you will 
know it’s set up 
properly when 
you see the gears 
accelerating and 
stresses changing 
as you view the 
live on-screen 
“monitor pro- Plot of acceleration vs. time shows 

gram." high-frequency impacts. 

At the end, you see the stresses on all the gear teeth 
at every point in time. 

And, you can make an analysis replay to see the 
results in real time or slow motion. In addition, you 
can run a Fast Fourier Transform on the displacement 
data to highlight any dangers from resonance. 
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In Algor’s Mechanical Event 
Simulation, you begin the same 
way by building an FEA model. 
However, this time you include the 
second gear. 

You place boundary conditions at 
the pivots. The big gear is free to 
rotate when forced by the driving 
gear. Inertia of the entire gear sys- 
tem resists the force of the motor. 


See an analysis replay 
of this Mechanical 
Event Simulation 
at www.algor.com, or 
contact Algor, Inc. for 
the latest CD-ROM 
information/demo pack. 
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When the Engineering 
Has to be Right 

Algor, Inc. 

150 Beta Drive, Pittsburgh, PA 15238-2932 
USA 

Phone: +1 (412) 967-2700 
Fax: +1 (412) 967-2781 
California: +1 (714) 564-0844 
Europe (UK): +44 (1784) 442 246 
E-mail: info@algor.com 
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Designed for "lethal zones, " the DuraPAC TU 
fully sealed industrial portable computer 
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More manufacturers are visualizing 
their alternatives when failure is 
not an option. Silicon Graphics® 
computer systems are the most 
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Industry-leading graphics, innovative 
applications and enhanced CPU 
performance give companies the 
leading edge technology for digital 
design and manufacturing. 
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Desktop Performers. 

The 02 and OCTANE workstation solutions 
starting at $5902*. 


Silicon Graphics 02” OCTANE' 
and Onyx2™ workstations comprise 
the broadest range of scalable 
high-performance platforms. Tackle 
tougher problems including digital 
prototyping and simulations. Interact 
with large assemblies, perform more 
iterations of complex analyses. 
Focus more clearly on any problem. 
Turn data into understanding, 
understanding into insight-Visualize 
your success in ways only possible 
with Silicon Graphics. 


© 1998 Silicon Graphics, Inc. All rights reserved. 
Silicon Graphics and Onyx are registered trademarks, 
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logo are trademarks of Silicon Graphics. Inc. 
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No one understands FieldWorks' capabilities better than Emmy- 
winning documentary producer, Jim Bruton. For the past two years, 
we’ve provided Jim with specific computing solutions that have 
allowed him to go beyond the extreme. 

We helped Jim deliver the first real-time video feed from 
Mount Everest to the Internet. And we provided solutions to sup- 
port Jim's broadcasts from places like the sunken Titanic, the 
Persian Gulf and a Central American rain forest. In fact, Jim calls 
his FieldWorks systems “TV trucks in a suitcase.” 

Despite being our most extreme user, Jim is still a typical 
FieldWorks customer. He came to us with specific needs, and we 
worked with him to create a high-performance, user-specific 
solution. And we can do the same for you. 

We tailor each system to meet users’ needs, not to mention 
provide custom service and support programs. That means 
increased productivity, smoother operations, more satisfied 
customers, and more time for you to focus on your business. So, 
when it comes to choosing a company that will never lose sight of 
your needs, trust FieldWorks. Just look at what we’ve done so far. 



SSB fleldworks 
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or image generators for real time simulation. 
RGB and even HDTV signals are accepted and 
combined at image resolutions up to 1280 x 
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The SynchroMaster 300 autosyncs to virtually 
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RGB Spectrum - proven technology for 
simulation and training. 


RIGjB SPECTRUM 

a visual communications company 

950 Marina Village Pkwy, Alameda, CA 94501 
(510) 814-7000 (510) 814-7026 FAX 
E-mail: sales@rgb.com http://www.rgb.com 
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(SOUND FAMILIAR?) 


Big Active Matrix Display 

• 12.1" SVGA active matrix display 

• Powered by 128-bit graphics 
accelerator 


Big Room for Expandability 

Modular bay that accepts variable 
24X CD-ROM drive & a 3.5" floppy 
(both included), and up to 3-hour 
bay battery (included) 


Modular battery design 
allows 3, 8 or up to 11 hours 
of operation 


Presentation Perfection 

GoBook features S-Video Out as 
well as Super VGA display and 
NTSC video ports 


Exclusive Programmable GoKeys™ 


Micron™ GoBook is just 1.35" 
thin and weighs as little as 4.4 


Powered by the 233MHz or 
266MHz Intel Pentium* processor 
with MMX™ technology 


“The GoBook is the notebook by which all 
others will be measured in 1998!" 


You don't get to recharge your batteries every four 
hours. You don't get to rest whenever you feel like it. 
Why should your notebook? Life on the road is no cake 
walk and your notebook should be designed to endure 
the rigors of mobile life as well as you do. Introducing 
the GoBook notebook. With up to 11 hours of power, 
lightning fast performance, and an incredibly thin and 
light package, it's the ultimate companion for those who 


stop at nothing to succeed. 


MICRON 

> ELECTRONICS 


GoBook 


Common Features on All GoBook Systems: 


• 4.4 lbs (w/floppy) 

• 6.7 lbs (w/opt./base battery & floppy) 

• 51 2K L2 pipeline burst cache 

• 12. 1” SVGA display 

• PQ bus with 128-bit graphics 

• USB, parallel, serial, VGA, PS/2, 
NTSC/S-Video, ports 

• S-Video Out; MPEG compatible 

• CardBus/Zoomed Video ready 

• 16 bit stereo/Wavetable sound 

• Microphone, stereo line in/out jacks 


• 24X modular CD-ROM drive 

■ 2 Type n or 1 Type HI PCMCIA slots 

• 2-way infrared port 

• Touchpad pointing device 

• Modular floppy drive 

• Norton Anti-Virus 

• Microsoft’ Windows' 95 and 
Microsoft Plus! 

• 5-year/l-year Micron limited warranty 

• System Wizard Mobile Client”’ 


GoBook 233 


GoBook 233 


GoBook 266 


• 233MHz Intel Pentium 
processor with MMX technology 

• 32MB EDO RAM 

» 2.1GB hard drive 

• Bay battery 


* 233MHz Intel Pentium 
processor with MMX technology 

> 32MB EDO RAM 

* 2.1GB hard drive 

* Super Base battery 
■ Bay battery 

* Microsoft Office Small 
Business Edition 

* Choice of Portable Software 
Solutions Pak 


266MHz Intel Pentium 
processor with MMX technology 
32MB EDO RAM 
2.1GB hard drive 
Super Base battery 
1 Bay battery 
1 Microsoft Office Small 
Business Edition 
• Choice of Portable Software 
Solutions Pak 
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NASA 

Commercial 

Technology 

Team 


NASA’s R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA’s 
national network of commercial technology organizations. The network includes ten NASA field cen- 
ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (206) 683- 1 005 for the FLC coordinator in your area. 


NASA’s Technology Sources 

If you need further information about new technologies presented in NASA Tech Briefs, 
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and, if applicable, refer you to the 
innovator(s). These centers are the source of all NASA-developed technology. 


Ames Research 
Center 

Selected techno- 
logical strengths: 
Fluid Dynamics: 
Life Sciences; 
Earth and 
Atmospheric 
Sciences; 
Information, 
Communications, 
and Intelligent 
Systems; 

Human Factors. 
Bruce Webbon 
(650) 604-6646 
bwebbon@mail. 
arc.nasa.gov 

Dryden Flight 
Research Center 

Selected techno- 
logical strengths: 
Aerodynamics; 
Aeronautics 
Flight Testing; 
Aeropropulsion; 
Flight Systems; 
Thermal Testing; 
Integrated 
Systems Test 
and Validation. 
Lee Duke 
(805) 258-3802 
duke@buie.dfrf. 
nasa.gov 


Goddard Space 
Flight Center 

Selected techno- 
logical strengths: 
Earth and 
Planetary 
Science 

Missions; LIDAR; 

Cryogenic 

Systems; 

Tracking; 

Telemetry; 

Command. 

George Alcorn 

(301)286-5810 

galcom@gsfc. 

nasa.gov 

Jet Propulsion 
Laboratory 

Selected techno- 
logical strengths: 
Near/Deep- 
Space Mission 
Engineering; 
Microspacecraft; 
Space 

Communications; 

Information 

Systems; 

Remote Sensing; 
Robotics. 

Merle McKenzie 
(818) 354-2577 
merie.mckenzie @ 
ccmail.jpl.nasa.gov 


Johnson Space 
Center 

Selected techno- 
logical strengths: 
Artificial 
Intelligence 
and Human 
Computer 
Interface; 

Life Sciences; 
Human Space 
Flight Operations; 
Avionics; Sensors; 
Communications. 
Hank Davis 
(713)483-0474 
hdavis@gp101.jsc. 
nasa.gov 

Kennedy Space 
Center 

Selected techno- 
logical strengths: 
Environmental 
Monitoring; 
Sensors; Corrosion 
Protection; 
Bio-Sciences; 
Process Modeling; 
Work Planning/ 
Control; 
Meteorology. 

Gale Allen 
(407) 8 67-6626 
galeallen-1@ 
ksc.nasa.gov 


Langley Research 
Center 

Selected techno- 
logical strengths: 
Aerodynamics; 
Flight Systems; 
Materials; 
Structures; 
Sensors; 
Measurements; 
Information 
Sciences. 

Dr. Joseph S. 
Heyman 
(804) 864-6006 
j.s.heyman 
@larc.nasa.gov 


Lewis Research 
Center 

Selected techno- 
logical strengths: 
Aeropropulsion; 
Communications; 
Energy 
Technology; 

High 

Temperature 

Materials 

Research. 

Larry Viterna 
(216) 433-3484 
cto@ 

lerc.nasa.gov 


Marshall Space 
Flight Center 

Selected techno- 
logical strengths; 
Materials: 
Manufacturing; 
Nondestructive 
Evaluation; 
Biotechnology; 
Space 
Propulsion; 
Controls and 
Dynamics; 
Structures; 
Microgravity 
Processing. 

Sally Little 
(205) 5 44-4266 
sally. Iittle@msfc. 
nasa.gov 


Stennis Space 
Center 

Selected techno- 
logical strengths: 
Propulsion 
Systems; 
Test/Monitoring; 
Remote Sensing; 
Nonintrusive 
Instrumentation. 
Kirk Sharp 
(601) 688-1929 
ksharp @ 
ssc.nasa.gov 


NASA Program Offices 

At NASA Headquarters there are 
seven major program offices that 
develop and oversee technology pro- 
jects of potential interest to industry. 
The street address for these strategic 
business units is: NASA Headquarters, 
300 E St. SW, Washington, DC 20546. 


Carl Ray 

Small Business 
Innovation Research 
Program (SBIR) & 

Small Business 
Technology Transfer 
Program (STTR) 

(202) 358-4652 

cray@mail.hq. 

nasa.gov 

Dr. Robert Norwood 

Office of Aeronautics and 
Space Transportation 
Technology (Code R) 

(202) 358-2320 
monvood@mail. hq. 
nasa.gov 

Philip Hodge 
Office of Space Flight 
(Code M) 

(202) 358-1417 
phodge@osfms l.hq. 
nasa.gov 


Gerald Johnson 
Office of Aeronautics 
(Code R) 

(202)358-4711 

gjohnson@aeromail. 

hq.nasa.gov 

Bill Smith 

Office of Space Sciences 
(Code S) 

(202) 358-2473 
wsmith@sm. ms. ossa. 
hq.nasa.gov 

Bert Hansen 
Office of Microgravity 
Science Applications 
(Code U) 

(202) 358-1958 

bhansen@gm.olmsa. 

hq.nasa.gov 

Granville Paules 
Office of Mission to 
Planet Earth 
(Code Y) 

(202) 358-0706 
gpaules@mtpe. hq. 
nasa.gov 


NASA's Business Facilitators 


NASA-Sponsored Commercial Technology Organizations 

These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaboration between public and private sector organizations. They also can direct you to the 
appropriate point of contact within the Federal Laboratory Consortium. To reach the Regional 
Technology Transfer Center nearest you, call (800) 472-6785. 


NASA has established several organi- 
zations whose objectives are to estab- 
lish joint sponsored research agree- 
ments and incubate small start-up 
companies with significant business 
promise. 


Joseph Allen 

National Technology 
Transfer Center 

(800) 678-6882 


Ken Dozier 
Far-West Technology 
Transfer Center 

University of Southern 

California 

(213) 743-2353 


Dr. William Gasko 
Center for Technology 
Commercialization 

Massachusetts 
Technology Park 
(508) 870-0042 

J. Ronald Thornton 

Southern Technology 
Applications Center 

University of Florida 
(904) 462-3913 


Gary Sera 

Mid-Continent 
Technology Transfer 
Center 

Texas A&M University 
(409) 845-8762 

Lani S. Hummel 
Mid-Atlantic Technology 
Applications Center 

University of Pittsburgh 
(412) 383-2500 


Chris Coburn 

Great Lakes Industrial 
Technology Transfer 
Center 

Battelle Memorial 
Institute 
(216) 734-0094 


Dr. Jill Fabricant 

Johnson Technology 

Commercialization 

Center 

Houston, TX 
(713)335-1250 

Wayne P. Zeman 

Lewis Incubator for 
Technology 

Cleveland, OH 
(216) 586-3888 


Joe Boeddeker 

Ames Technology 

Commercialization 

Center 

San Jose, CA 
(408) 557-6700 

Dan Morrison 
Mississippi Enterprise 
for Technology 

Stennis Space 
Center, MS 

(800) 746-4699 


NASA ON-LINE: Go to NASA's Commercial Technology Network (CTN) on the World Wide Web at 
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, 
and learn about NASA's national network of programs, organizations, and services dedicated to tech- 
nology transfer and commercialization. 


If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis Center, (505) 277-3622. 
For software developed with NASA funding, contact the Computer Software Management and Information Center (COSMIC) at phone: (706) 542-3265-' Fax- (706) 542- 

4807; E-mail: http://www.oosmic.uga.edu or service@cosmic.uga.edu. ' 
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WIDE RANGE 
OF QUALITY 
MOTORS 

The Maxon product line consists of quality high- 
efficiency DC motors, which are available with gear- 
heads, encoders, tachometers, and controllers. Our 
products range from cost-effective ferrite magnet 
motors to current state-of-the art rare earth magnet 
motors. Brushless motors are also offered. 

Our patented rhombic wound moving coil 
motors offer several advantages over conventional 
DC motors such 
as much longer 
brush life and 
extremely low 
electrical noise, 
low mechanical 
time constant for 
fast acceleration, 
low current con- 
sumption for ex- 
tending battery life, no cogging for smooth rotation 
even at low speeds, and linear speed-torque constants 
for simple, accurate control. 

Typical applications include air samplers, chart 
recorders, miniature pumps, chopper wheels, laser 
measuring devices, microscope stages, surgical 
devices, data storage devices, vision systems, and 
printers/labelers. 




22 mm REDUCED COST MOVING 
COIL MOTOR 

Maxon’s new A-max 22 mm (0.87 in) diame- 
ter motors deliver the performance 
and lifetime of a moving coil motor, 
but at a reduced cost due to 
improved automated manufactur- 
ing processes. The patented rhombic 
moving coil design provides for long life, 
low electrical noise, fast acceleration and high effi- 
ciency. The ironless rotor allows for zero cogging and simple, accurate control. Available with either pre- 
cious metal brushes or graphite brushes, the power rating ranges from 3.5 watts to 6 watts. The motor is 
available either with a single shaft or with a passing shaft. Other standard options include ball bear- 
ings/sleeve bearings, and terminals/ leads. The motor length is 31.9 mm (1.26 in) and weighs in at 54 g 
(1.9 oz). Several different windings are available to match desired speed with available voltage. Ambient 
temperature range is from -30° to 85° C (-22° to 185° F), while the maximum efficiency is 83% depend- 
ing on the winding. The maximum continuous torque from the motor alone is up to 8 mNm (1.1 oz-in). 
Matching gearheads are also available with ratios ranging from 4.4:1 to 1620.5:1 capable of delivering 
INm (141.6 oz-in) of continuous torque. A matching encoder is also available. 

For more information, call or fax Mr. Jamas Talent, Maxon Precision Motors, Inc., 
Burlingame. CA. Tel: 800-USE-MAXON (800-873-6296), Fax 650-697-2887. 

Circle No. 524 


maxon motor 


How Can This New 



For more information, call or fax 
Mr. James Talent. 

Maxon Precision Motors, Inc., 
Burlingame, CA. 

Tel: 800-USE-MAXON (800-873-6296), 
Fax 650-697-2887. 

Circle No. 522 


16 mm REDUCED 
COST MOVING 
COIL MOTOR 
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Maxon's new A-max 16 mm 
(0.63 in) diameter motors 
deliver the performance and 
lifetime of a moving coil 
motor, but at a reduced cost 
due to improved automated 
manufacturing processes. 

The patented rhombic 
moving coil design pro- 
vides for long life, low 

electrical noise, fast ac- 

celeration and high effi- 
ciency. The ironless rotor allows for zero cogging 
and simple, accurate control. Available with either 
precious metal brushes or graphite brushes, the 
power rating ranges from 1 .2 to 2 watts. The motor 
is available either with a single shaft or with a pass- 
ing shaft. Other standard options include ball 
bearings/sleeve bearings, and terminals/leads. The 
motor length is 25.4 mm (1 in) and weighs in at 23g 
(O.Sloz). Several different windings are available to 
match desired speed with available voltage. Ambient 
temperature range is from -30° to 85° C (-22° to 
185° F), while the maximum efficiency is 77% 
depending on the winding. The maximum continu- 
ous torque from the motor alone is up to 2.53 mNm 
(0.35 oz-in). Matching gearheads are also available 
with ratios ranging from 4.38:1 to 4591:1 capable of 
delivering 300 mNm (42 oz-in) of continuous 
torque. A matching encoder is also available. 


For more Information, call or fax 
Mr. James Talent, 

Maxon Precision Motors, Inc., 
Burlingame. CA. 

Tel: 800 -USE-MAXON (800-873-6296). 
Fax 650-697-2887. 



Longer? And Still 
Costless? 



Elimination of a C-Clip 
groove results in higher 
torsional stability and 
greater cross-sectional 
.-,.^.,gth. 


AMP-compatible terminals 
or power leads are available. 


New, reduced-diameter commutator, employing 
more segments, provides longer life. 


New U.S.-made glass-fiber-reinforced plastic— 
Polyphthalamide IPPA)— rivals metal in strength 
and stability, is impact-resistant, takes temperatures 
to 125*0, and dampens noise. 


Cost-cutting hybrid process forms stator by 
assembling motor housing, magnet and end 
cap in one step using injection molding of 
PPA plastic. Choice of sleeve or ball bearings. 


Roll-action springs on graphite 
brushes result in constant pressure 
over the entire lifetime, allou’ a 
thinner brush cover that reduces 


life, and help 
mix pmoer consumption. 
Contact resistance remains 
low — even after long periods 
of inactivity. 


Proven maxon wmdmg 
technique, enhanced 
by the latest winding 
technology, provides a 
high-performance 
relationship between the 
coil and magnet system. 


New manufacturing process 
of rolled-steel motor housing 
delivers high strength at 
reduced cost. 


Check a few of the innovations. 
You'll get a few of the answers to why 
maxon’s /4-max DC motor can add 
more perform- 
ance, quality 
and reliability to 
your product- 
while costing 
you less than other 
moving coil DC motors. 

There's more. Like the coupling 
of advanced design with a giant leap 
forward in automated manufacturing. 


And a unique modularity exemplified 
by "snap-on" technology for simple, 
flexible mounting of our planetary and 
spur gearing, incremental 
encoders and tachometers. 
Plus a company-wide, 
worldwide customer- 
satisfaction program that 
means faster product delivery along 
with even better technical support and 
service. 

You'll want to know more. So call 
for details. About the A - max line. 


About how you can prove to yourself 
its breakthrough value. 

maxon 

PRECISION MOTORS 

Maxon Precision Motors 

838 Mitten Road 

Burlingame, CA 94010 

TEL: 650/697-9614 800/873-6296 

FAX: 650/697-2887 

http: // www.mpm.maxonmotor.eom 
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aytek® Corp., Santa Cruz, CA, has introduced the 
Thermalert® GP two-piece infrared temperature 
t monitoring system that combines a 1/8 DIN 
monitor with a rugged temperature-sensing head. It 
provides target temperautre readings with 1% accura- 
cy, and displays temperature data on a four-digit LED 
display. Monitor and sensor functions are configured 

via the user interface on the front panel. The 

monitor provides advanced signal processing 
capabilities such as peak/valley hold, averaging, and adjustable 
offset. It features a 4-20mA output and two adjustable setpoints/ 
deadbands widi alarm outputs that can notify operators of out- 
of-range conditions. The Thermalert GPR sensor is an 8-14 
micron head that combines current loop driven signals for 
noise-free cable runs with high-resolution 35:1 optics. It 
features a temperature measurement range of -18 to 538°C. 

For More Information Circle No. 755 


Tech Center Marks Successes 

M ontana State University’s new 
TechLink Center is off and run- 
ning since its inception a year ago. The 
center matches NASA technologies 
with commercial partners in Montana, 
Idaho, Wyoming, and North and South 
Dakota, forming partnerships with the 
electronics, robotics, sensors, software, 
remote sensing, biotech, and materials 
industries. 

The first company to partner with 
NASA through the TechLink Center 
on a remote sensing technology was 
Positive Systems of Whitefish, MT. The 
company will work with NASA’s Stennis 
Space Center to develop solutions to 
problems in the remote sensing, aerial 
photography, and satellite imaging 


areas. Positive Systems’ new software is 
expected to solve the problem of join- 
ing images acquired at different times. 
The program integrates a set of correc- 
tion factors based on NASA algorithms. 

Integrated Geoscience of Helena, 
MT, is working with NASA’sJet 
Propulsion Lab to evaluate and 
improve the company’s automated fea- 
ture recognition software, which can 
recognize and map selected features in 
remotely sensed imagery. Better 
remote sensing will enhance decisions 
over land use, watershed management, 
development planning, and environ- 
mental monitoring. 

For more information, visit the TechLink 
web site at: www.montana.edu/techlink. 


A data management system de- 
veloped by NASA’s Marshall 
Space Flight Center to han- 
dle the flow of information 
received from experiments aboard the 
Space Shuttle-based Spacelab was 
adapted to create an innovative vehicle 
tracking system for municipalities and 
private businesses. 

The tracking system has its origins in 
a contract to facilitate accessing specif- 
ic Advanced X-Ray Astrophysics Facility 
(AXAF) temperature and vacuum data 
from a telemetry stream. Scott John- 
son of Quality Research in Huntsville, 
AL, said his company worked with 
NASA Marshall’s Astrionics Lab’s 


— NASA Keeps — 
Vehicles on the 
Right Track 

Ground Computers Team and Design 
and Implementation Branch to devel- 
op software that would allow engineers 
to extract specific information from 
the data stream while testing AXAF in 
a simulated space environment. 

In a commercial spinoff of the soft- 
ware, AVL Systems, also of Huntsville, 
modified the software to form the 
heart of a system that can monitor spe- 
cially equipped vehicles in operation 
within a specific area, using Windows 
NT workstations with a map of the 


What's 

New 

On-Line 


B eginning in July, Technical Sup- 
port Packages (TSPs) for current- 
issue and recent (previous six months) 
tech briefs no longer will be available 
in printed form through NASA Tech 
Briefs via mail order. They will be 
accessible on-line through our web 
site at www.nasatech.com 



If you'd like to order printed copies 
of TSPs, including those for briefs pub- 
lished more than six months ago, they 
may be obtained from the National 
Technology Transfer Center (NTTC). 
Call the NTTC at 800-678-6882. 


area being monitored. The map dis- 
plays the locations of all tracked vehi- 
cles, with color codes indicating their 
status, such as in service, en route, etc. 

For municipalities, it can track 
police and fire vehicles, ambulances, 
and public works vehicles, which are 
equipped with a device that relays a 
signal to a central dispatch site. The 
system is activated by logging in the 
vehicle’s starting position via a GPS 
satellite. As the vehicle moves, the sys- 
tem uses the satellite information to 
update its location. 

For more information, contact AVL 
Systems at 205-882-1995; Fax: 205-882- 
0464; e-mail: chasmusi@airnet.net 
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TIME is the 
LONGEST DISTANCE 
BETWEEN 
two PLACES. 


8830 DIGITAL 
DOCUMENT SYSTEM 


Xerox® and 8830® are trademarks of Xerox Corporation. ©1998, Xerox Corporation 


The fart is, there are only two 
things you really want to focus 
on. Your idea, and the realization 
of it. In between lies the pain of 
the process. The time-consuming 
things that keep you from doing 
what you’d rather be doing: 
bringing your idea to life. 

You can shorten the distance 

with the Xerox 8830 DDS, the 
digital document system designed 
to improve your process. The 
combined efficiencies of its superior 
processing speed, scan and print 
concurrency, and job interrupt 
features deliver output 300% faster 
than other copiers or printers in 
its class. Fully networked, the time 
savings are even greater. 

With the 8830 DDS, you’ll save 
days, weeks, even months in time 
and labor over the course of a 
project. Putting you that much closer 
to the place you’d rather be. To 
learn more, call 1-800-XES T ALK 
(937-8255), ext. 1581. Or visit us 
at www.xerox.com/XES 


THE DOCUMENT COMPANY 

XEROX 

ENGINEERING SYSTEMS 


For Mora Information Circle No. 540 



Reader Forum 


Reader Forum is devoted to the thoughts, concerns, questions, and comments of our readers. If you have a comment, a question 
regarding a specific technical problem, or an answer to a question that appeared in a recent issue, send your letter to the address below. 


I'm writing in response to an on-line 
Reader Forum request from Donald 
Horkheimer regarding a device to move 
corrosive fluid that would have no mov- 
ing parts. In the late 1 960s, an agricul- 
tural engineering student at Colorado 
State University came up with what 


might be called a "percolator pump" to 
transfer insecticides and other fluids — 
which might be either toxic or corrosive 
— from a 55-gallon drum. 

Basically, it consists of a fairly small 
(perhaps 3/4" ID) plastic tube which is 
placed vertically in the barrel with a 


smaller air hose supplying a simple bub- 
bler at the base of the tube. As the air 
rises through the tube, it carries with it 
a surprising amount of fluid. The top of 
the tube has a U-bend through which 
the fluid exits into a collector leading to 
a hose (gravity feed to the implement 
tank) and the air is vented. 

I don't know if such a device will work 
for Mr. Horkheimer's application. If vent- 
ing the air to the atmosphere presents 
a problem, it would not be difficult to 
design a closed air recirculating system 
which would have the additional benefit 
of being able to work at an elevated sys- 
tem pressure. 

Stephen Robert Snook 
Chief Engineer 
Systems Research Services 
Port Hueneme, CA 


The lightweight, high-performance 
thermal insulation developed for the 
space shuttle and described in NASA 
Tech Briefs has a direct application as a 
heat barrier around the hot sections of 
jet engines. This will translate into fuel 
savings. Thank you. 

Don Darrow 

Boeing Commercial Airplane 

Wichita, KS 


We own a proprietary inflatable pipe 
manufacturing machine and process 
technology. Several formulation im- 
provements have been made as a result 
of learning of certain chemical charac- 
teristics discussed in NASA Tech Briefs. 
Thanks. 

C.E. Nelson 

Owner 

Centerflex International Corp. 

Kinnelon, NJ 


Post your letters to Reader Forum 
on-line at: www.nasatech.com or 
send to: Editor, NASA Tech Briefs, 
317 Madison Ave., New York, NY 
10017; Fax: 212-986-7864. 

Please include your name, company 
(if applicable), address, and phone 
number or e-mail address. 



The ankle 
bone’s 
connected 


Endevco 


Weighing as little as 
0.08 grams, rugged 
Endevco sensors excel in 
biomechanical applications. 
(Shown 2x actual size.) 


For sub-miniature sensors that can really take 
a pounding, step up to Endevco. 

Lightweight and extremely rugged, they offer 
the highest reliability in the business. Simple 
signal interface, too — plus a slew of mounting 
options that other companies can’t touch. 

All this, of course, gives you a leg up in practically 
any biomechanical test or monitoring application. 
From checking sagittal plane kinematics to 
physiological response to pressure and accelera- 
tion — Endevco sensors have the characteristics 
you need to design safer, more reliable products. 

So call today. For accuracy, durability and per- 
formance in any dynamic measurement 
application, we’ve got you covered — head to toe. 

www.endevco.com 

ENDEVCO T 


IF IT MOVES, WE MEASURE IT. 


30700 Rancho Viejo Road. San Juan Capistrano, CA 92675 USA 
Phone (800) 982-6732 Fax (949) 661-7231 
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Style and Purpose 



Rugged Expandable Portable Computers 


Dolch Rugged Portable Computers span the widest range 
of performance and expandability available anywhere in the 
industry. Designed to perform while surviving the harshest of 
environments, the PAC™, L-PAC™ and MegaPAC™ families offer 
multiple ISA/PCI expansion slots, configurable peripheral bays 
and a wide range of power supply and keyboard options. Dolch 
leads the industry with the only Pentium® II portable, ultra-bright 
anti-reflective flat-panel TFT screens and handsome functional 
style. Choose from the industry’s broadest range of configurations 
to fit any application. 

800.995.7580 — 


□ Add-In Card Expansion from two ISA to five ISA/PCI 
or ten ISA/PCI, full length/full-height expansion slots. 

□ Hi-Brightness Anti-Reflective VGA, SVGA, XGA 
display screens in 10.4" and 12.1" sizes with RGB option. 

□ Certified CPUs from 486-100 to Pentium® 233 MMX to 
Pentium® Pro/Dual Pentium® Pro 200 to Pentium® II 266. 


Waterproof Keyboard Option, AC/DC and medical 
power supply options, special configurations 
and certification programs. 


www.dolch.com 



Dolch Computer Systems, Inc. • 31 78 Laurelview Court Fremont, Ca 94538 • Tel: 510 661 2220 ■ Fax 510.490.2360 

For More Information Circle No. 512 







Get Connech 
with HiQ ™ 4.1 



Connect powerful 
numerical analysis 
and interactive data 
visualization to your 
other software tools 
using HiQ 4.0 

• Embed interactive HiQ 3D 
graphs in Microsoft Word 
or PowerPoint 

• Drag-and-drop Excel data 
into HiQ for easy analysis 
and visualization 

• Automate the power of HiQ 
analysis from other 
applications using ActiveX 

• Leverage your existing 
MATLAB programs 

• Connect to real-time 
data acquisition 

• Ask about our FREE 
offer for MATLAB users 



Call today for FREE 
HiQ evaluation 
software. 



f 


CT NATIONAL 
INSTRUMENTS 


1 www.natinst.com/hiq 

(800) 661-6063 


Tel: (512) 7940100 • info@natinst.com 
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EXTENTS 

Over the past three decades, NASA has granted more than 1000 patent licenses in virtually every area 
of technology. The agency has a portfolio of 3000 patents and pending applications available now 
for license by businesses and individuals, including these recently patented inventions: 


Method for Production 
of Powders 

(US. Patent No. 5,635, 153) 

Inventors: Joel M. Stoltzfus 
and Subhasish Sircar, 

Johnson Space Center 

Metal oxide powders are used in chem- 
ical laboratories and in manufacturing 
processes, but existing methods for pro- 
ducing them involve multistep processes 
requiring elaborate apparatus that are 
relatively time-consuming, cumbersome, 
and expensive. The present invention 
provides a technique for producing large 
amounts of oxide powders utilizing com- 
bustion with a minimal number of 
process steps. A material, which may be a 
metal or metal alloy, is provided in the 
form of a rod and put in a combustion 
chamber housing. An igniter is applied 
to it, and it is then exposed to an oxygen 
atmosphere, or an atmosphere enriched 
with oxygen. The igniter causes combus- 
tion of the material to produce powdered 
oxide. In one embodiment of the inven- 
tion a feeder is provided so that the mate- 
rial can be advanced into the combustion 
chamber continuously via rollers, moving 
through a seal so that the chamber’s abil- 
ity to contain the combustion reaction is 
preserved. 

Encyclopedia of 
Software Components 

(US. Patent No. 5,632,022) 

Inventors: Lloyd V. Warren 
and Brian C. Beckman, 

Jet Propulsion Laboratory 

The inventors, impressed by the fact 
that a high proportion of the time spent 
developing new software systems is used 
to perform mundane functions that are 
well known in the art, set out to make it 
easier to reuse than to reinvent software. 
The analogy in software to the use of 
standard parts in hardware is the reuse 
of previously developed software code, 
modules, libraries, designs, architec- 
tures, documentation, test data, test rou- 
tines, test strategies, and so on. The 
inventors assert that the process that a 
potential consumer of reusable software 


components must go through consists 
of these steps: locating, understanding, 
retrieving, validating, and adapting 
(LURVA) existing software. In the in- 
vention — an encyclopedia of software 
components — locating is facilitated 
through a very general classification 
scheme based on semantic networks, and 
through tying this scheme closely to a 
hypermedia browsing-and-searching 
front end. Understanding is facilitated by 
describing software with electronically 
cross-linked text, graphics, animation, 
audio, video, and typeset mathematics, 
i.e., hypermedia. Retrieving is facilitated 
by encapsulating knowledge about net- 
work access along with the descriptions 
of software and by automatically comput- 
ing closed sets of software items that 
enable a chosen time to be used as an 
independent unit or a component. 

Security System Responsive 
to Optical Fiber Having 
Bragg Grating 

(US. Patent No. 5,6 33,975) 

Inventors: Charles K. Gary and Meric 
Ozcan, Ames Research Center 

The object of the invention is to pro- 
vide a key for an optically responsive 
electronic lock that is convenient to use, 
not susceptible to being misplaced, with 
patterns that are not easily duplicated 
and decode means that are commercial- 
ly available. The security system consists 
of a light source, a receptacle, a key, and 
a decoder. The source provides light 
along a predetermined path. The recep- 
tacle has a passageway with entrance and 
exit portions located to intercept the 
light. The key consists of a carrier and a 
fiber optic, which is located in the carri- 
er to intercept the light at the exit por- 
tion of the passageway. This fiber optic 
has one or more Bragg gratings that 
reflect the intercepted light into a prede- 
termined spectral pattern. The decoder 
has means for receiving and decoding 
the pattern, by comparing it with a pre- 
selected pattern and generating an elec- 
trical signal when the two match. The sig- 
nal operates the lock or lights a display of 
an authentication panel. 


For more information on the inventions described here, contact the appropriate NASA Field 
Center’s Commercial Technology Office. Seepage 14 for a list of office contacts. 
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Guilt-free fries. Bread enriched 
i with cancer-fighting compounds. 

Pork that's virtually fat free. 

'< A new generation of NMR probes 
built with DuPont 
superconducting circuits 
may soon help scientists create 
healthier, more nutritious foods. 


Since its discovery a decade ago, 
high temperature superconducti- 
vity (HTS) has ranked as one of 
the greatest and most mysterious 
scientific discoveries of the 20th 
century. The ability to conduct 
electricity without resistance 
may someday make practical 
such marvels as trains that float 
magnetically in thin air, super- 
computers that fit inside a shoe 
box and frictionless flywheels 
that populate the highways with 
electric cars. 

At last, one of the promises 
of superconductivity is here — 
superconducting electronic 
circuitry. DuPont scientists have 


pioneered HTS thin film technolo- 
gy for laying down microscopically 
thin surfaces on wafers and 
etching circuit patterns into them. 
What’s more, DuPont is now 
incorporating these HTS materials 
into devices and subassemblies 
for use in PCS and cellular com- 
munications, radar, MRI instru- 
mentation and high gradient 
magnetic separators for kaolin 
clay processing. 
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In communications, the 
advantage of sensitive receivers 
is equally important. DuPont 
offers a full foundry service for 
PCS and cellular components and 
devices based on HTS thin films 
such as low phase noise oscilla- 
tors, ultra-high Q resonators, 
high-power filters, inductors and 
high-speed switches. HTS filters 
have already been successfully 
demonstrated in the field. 

The benefits of such devices 
include improved call quality, 
extended cell site range, greater 
in-building penetration, lower 
handset transmit power and 
increased call-handling capacity. 
In fact, it may be possible to 
actually skip every other base 
station in a rural PCS system. 
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We can't get there alone. 

Throughout DuPont history, many 
of our biggest contributions have 
come to market through collabo- 
ration with other companies. 

If you are active in the areas of 
telecommunications equipment, 
digital electronics, medical 
instrumentation, scientific instru- 
mentation or satellite components, 
there may be an opportunity for 
us to work together and make 
superconductivity a reality. Fax 
us with your proposal at 1-302- 
695-7615. Please limit your cor- 
respondence to nonproprietary, 
public-domain information only. 


As for the potential of these 
devices, consider nuclear magnetic 
resonance (NMR) instrumenta- 
tion. Because superconducting 
sensors can produce extremely 
low noise receivers, NMR probes 
are being developed that are up 
to 10 times more sensitive than 
today's equipment. The ability 
to identify smaller samples with 
higher accuracy will allow scien- 
tists to embark on projects of 
much greater scope and depth. 
Conventional NMR has aided 
DuPont scientists in developing 
high oil corn, better tasting 
canola oil and high oleic acid 
soybeans. Imagine the radically 
healthier foods that may be 
created in the future using super- 
conducting probes. 
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40 Years of Innovations 


Fortieth Anniversary 

This month, in our year-long celebration of NASA's 40th Anniversary, we take a look at successful spinoff products 
and new applications of NASA technologies in the area of Manufacturing. 


Manufacturing 



Echoes of Invention 

Echo 1, launched in the early 1960s, was NASA’s first exper- 
iment in satellite communications. The spacecraft was essen- 
tially an enormous balloon, its diameter roughly equivalent to 
the height of a 10-story building. NASA needed a highly reflec- 
tive material for Echo's skin so that it could bounce back radio 
signals. And, because Echo inflated only when it reached orbit- 
ing altitude, it had to 
be lightweight and 
thin enough to travel 
inside a beach-ball- 
sized canister. 

NASA selected a 
Mylar polyester coated 
with a reflective layer of 
aluminum particles so 
fine that Echo’s skin 
was half the thickness of 
the cellophane wrapper 
on a cigarette pack. 

This process of metal- 
lization — treating ma- 
terials with a superfine 
mist of vacuum-vapor- 
ized metal to create a 
foil-like effect — origi- 
nated in the 19th cen- 
tury. But the technology developed slowly. By the late 1950s, met- 
allized plastics were being produced primarily for decorative pur- 
poses, but the demand was small. 

NASA’s requirements helped build metallization into a flour- 
ishing industry, prompting extensive research and development 
of metallization techniques for applications such as thermal radi- 
ation insulation. Metallized film has been used on virtually every 
U.S. spacecraft since the early 1960s. 

The Metallized Products Division of King-Seeley Thermos 
(KST), Winchester, MA, helped commercialize the NASA-spon- 
sored technology. KST further developed the technology of vac- 
uum-metallizing plastic films, expanding the process to include 
gold, silver, copper, and zinc. Metallized materials have a variety 
of commercial applications, including outdoor clothing, food- 
packaging materials, wall coverings, aircraft covers, and reflective 
blankets. While the technology existed before NASA’s use of it, 
space use led to greater commercial applicability. 

Slicker Than Glass 

The Orbiting Solar Observatory (OSO), developed by NASA 
in the early 1960s, was a solar-astronomy spacecraft. NASA’s con- 
tractor for the satellite — Ball Aerospace Systems Division of 
Boulder, CO — found that conventional lubricating materials 
would be unsuitable for long-term exposure to the vacuum of 


space. To meet NASA’s requirements, Ball developed a new fam- 
ily of dry lubricants specifically formulated for long life in space. 
Researchers also devised processes for applying the lubricants to 
spacecraft components in microscopically thin coatings. 

The dry lubricants worked successfully on seven OSO flights, 
and Ball scientists began exploring possible non-aerospace appli- 
cations. The company developed hundreds of variations on the 
original OSO technology, improving the quality and efficiency of 
a wide range of commercial products and industrial processes. 
Applications include solar-energy collection systems, protective 
coatings for motion-picture film, preservative coating to protect 
the sound fidelity of phonograph records, lubricants designed to 
withstand “cold room” conditions in the meat-packing industry, 
and treating electric motor and generator brushes to reduce 
brush wear. 



Joining Forces 

In 1837, a blacksmith named John Deere perfected the steel 
plow. The company he founded to manufacture and sell farming 
equipment has grown into one of die world’s largest manufac- 
turing businesses — Deere & Company, based in Moline, IL. 
Deere now employs 35,500 people worldwide and manufactures 
hundreds of products, including agricultural tractors, harvesters, 
industrial and construction equipment, and lawn-and-garden 
tractors. In the early 1980s, Deere’s Technical Center worked 
with NASA in a muldfaceted technical exchange program to 
explore areas of aerospace research that promised product 
improvements. 

The collaboration 
between NASA and 
Deere exemplified a 
different form of the 
aerospace spinoff 
process. Deere did 
not simply reapply 
technology already 
developed for aero- 
space; the company 
actively participated 
in the development 
of new technology 
through its own ex- 
tensive R&D capabil- 
ities, complement- 
ing NASA’s efforts. 

One example of NASA/Deere collaboradon involved process- 
ing materials under near-zero-gravity conditions. Deere 
researchers used the low-gravity environment to study what hap 
pens to iron as it melts and solidifies in an aircraft-borne furnace. 
Because cast iron accounts for about 25 percent of the weight of 
Deere products, any improvement in strength and quality of this 



An employee inspects vacuum-metallized 
plastic film. 



In Deere’s human factors lab, engineers 
study how vibration and noise affect vehicle 
operators. 
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Application Development Tools 

"We initially coded algorithms in 
Matlab and then converted the 
Mahab source to C or C++. To our 
surprise, the Matlab code was 
faster in nearly all cases." 

Jack Staub 
Hughes Aircraft 



Interactive GUI Design 

"In one day, I wrote 875 lines of 
Matlab which equates to 5,000 
lines of C code. I had a functioning 
GUI in one day. You can't do that 
with C." 

Kathleen Splaine 
Risk International 



Analysis and Visualization 

"Anything from simple analysis to 
complex modeling and simulation 
can be done in a fraction of the 
time it would take to write your 
own code." 

Gregory E. Chamitoff, Ph.D. 

NASA, Johnson Space Center 


We wrote exactly 
698,794 lines of C 
code so that you 
don’t have to. 


More than 400,000 engineers and scientists use Matlab 
to accelerate their technical programming. Here’s why. 


Faster programming 

Today’s most productive technical 
professionals have one thing in 
common - they use Matlab instead 
of C or C++. Because, unlike a 
general purpose language, 

Matlab is a complete, 
integrated analysis, visual- 
ization, modeling, and devel- 
opment environment specifically 
designed for technical computing. 
So development goes much faster 
and code is dramatically shorter. 

More numerical power built in 

At the heart of Matlab is an easy to 
learn technical computing language 
with more than 500 functions built 
in. The Matlab language includes 
flow control, multidimensional 


arrays, user-defined structures, 
ASCII and binary external data file 
access, and much more. And you’ll 
save even more time with Matlab 
Toolboxes, collections of highly 
optimized, discipline- 
specific functions written 
by world-class experts. 
You can even link in C, 
C++, and Fortran routines. 

Less time coding means more 
time to think 

Put simply, use Matlab and it will 
take you far less time to develop 
finely tuned applications with 
revealing graphics, custom GUIs, 
and compact maintainable code. 
Now just imagine what you can do 
with the time you save. 
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See how Matlab 5 can help you work faster. Visit our 
Web site for demos, examples, and updating information. 


The 

MATH 

WORKS 
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www.mathworks.iom/ntbm 
rail 508-647-7000 
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materia] is vital to product development. Deere’s experiments 
were conducted in a furnace developed by Marshall Space Flight 
Center and flown aboard a NASA aircraft that achieved near-zero 
gravity for short periods. Other NASA/ Deere projects led to 
advances in composite materials, ceramics, lubrication, plasma 
coatings, sensors, and electronics. 

Another example of the joint effort is the Stirling engine, an 
external combustion engine developed with NASA's Lewis 
Research Center and the Department of Energy 1 as an alterna- 
tive propulsion system for road vehicles that offers lower fuel 
consumption and the ability to use a wide variety of fuels. 
Deere has conducted lab tests of the Stirling engine, in an 
effort to eventually adopt it as an alternative to the diesel 
engines currently manufactured. 

A Tape for AM Seasons 

Scotch® Brand Tape 364 is a high-temperature tape originally 
developed for NASA by 3M's Industrial Tape Division, St. Paul, 
MN. In aerospace applications, this aluminized glass-cloth tape is 
used to protect electrical 
and instrumentation cables 
and fluid lines from rocket- 
launch blast conditions — 
it can withstand prolonged 
exposure to temperatures 
as high as 500°F and can 
function in temperatures as 
low as -65°F. The tape 
began commercial produc- 
tion in the mid-1980s, and 
is now' produced by Scotch 
Brand Tape. 

No. 364 is a second-gen- 
eration cable wrapping that combines the best characteristics 
of aluminum-foil and glass-cloth tapes. Coated with silicone 
adhesive, it spiral-wraps without cracking and is easily applied 
to compound surfaces. The tape has high solar-energy 
reflectance and presents no electrostatic hazard. Non-aero- 
space uses include the automotive and general transportation 
industries and heat-reflection applications in high-tempera- 
ture building construction. 



A Manufacturer s Best Friend 

Diamond is the hardest known substance, highly resistant to 
wear and impervious to most chemicals. It is an excellent thermal 
conductor and electrical insulator. The mineral is transparent 
not only to visible light, but also to infrared and ultraviolet. Were 
it not for their high cost, diamonds would be the ideal material 
for a wide range of industrial applications. But advances in mate- 
rials technology offer a lower-cost alternative by coating and 
chemically bonding an inexpensive substrate with a thin film of 
diamond-like carbon (DLC) . 

Diamond films have great potential as chemically inert pro- 
tective coatings that make machine tools and parts last ten 
times longer. Other applications include optical instruments, 
medical equipment, watch crystals, and eyeglasses. Among the 
American companies involved in DLC commercialization is 
Diamonex, a spinoff company of Air Products and Chemicals 
of Allentown, PA, which is using, under exclusive license, 
NASA technology for depositing DLCs on a substrate. 

For more than a decade, NASA’s Lewis Research Center has 


investigated the 
aerospace potential 
of synthetic dia- 
mond coatings. 

Lewis developed a 
method called di- 
rect ion-beam depo- 
sition for applying 
DLCs to a sub- 
strate. An ion gen- 
erator creates a 
stream of ions from 
a hydrocarbon gas 
source; the carbon 
ions impinge directly on the target substrate and “grow” into a 
thin DLC film. This low-pressure, low-temperature process 
allows use of plastics and other substrates that cannot with- 
stand the high pressures and temperatures normally used to 
synthesize diamonds. 

Diamonex has received assistance from Lewis in developing 
scratch-resistant coatings for plastic prescription eyeglasses. 
Other commercial DLC applications include coatings for mag- 
netic data-storage discs, surgical needles, and a diamond-coated 
ball for an artificial hip joint. 

Long-Term Protection 

The location of NASA’s Kennedy Space Center (KSC) on 
Florida’s Atlantic Coast exposes the launch facility’s steel struc- 
tures to a corrosive onslaught of salt spray and fog. NASA 
required a protective coating that would reduce maintenance 
cost for the gantries — steel frameworks that provide multi-level 
access to launch vehicles and other KSC facilities. 

Researchers at NASA’s Goddard Space Flight Center improved 
on existing water-based zinc silicate coatings by boosting the ratio 
of potassium to silicate. The resulting breakthrough in inorganic 

chemistry provided KSC 
with an easy-to-use, zinc- 
rich coating that provided 
long-term protection with 
one application. In 1981, 
NASA granted a license 
for the coating process to 
Shane Associates of 
Wynnewood, PA. The fol- 
lowing year. Inorganic 
Coatings (IC) of Malvern, 
PA became sole manufac- 
turer and sales agent 
under the Shane license. 

IC now markets the prod- 
uct under the name IC 
531. Over several years of 
commercial use, IC 531 
has shown exceptional 
performance in single- 
coat applications and as a primer in multi-coat systems. This 
water-based coating is non-toxic, non-flammable, and gener- 
ates no hazardous wastes. IC estimates that the coating will pro- 
tect steel structures for “well beyond 25 years.” It has been used 
on a variety of outdoor structures, military vehicles, dock 
equipment, power stations, bridges, and tractor-trailer frames. 
In 1984, IC 531 was selected by the National Park Service and 
the Statue of Liberty Foundation as the best coating for pro- 
tecting Miss Liberty well into the 21st century. More recently, it 
was applied to the interior framework of Hong Kong’s enor- 
mous Po Lin Buddha. 



Scotch* Brand Tape 364 



Commercial applications for Diamonex include 
scratch-resistant eyeglass coatings. 



The interior structure of Hong Kong's Po 
Lin Buddha was coated with IC 531, 
originally developed by NASA. 
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The Connector Connection 

In developing its Component Test Facility (CTF) , where NASA 
tests rocket-engine components, Stennis Space Center originally 
had planned to use conventional clamped connectors on die pip- 
ing lines that carry rocket propellants and other gases. But 
Marshall advised against it. Their experience with similar con- 
nectors had shown that they were unsuitable for use on lines car- 
rying high-pressure cryogenic fuels. Clamped connectors were 
prone to leakage when propellant lines were chilled to a pretest 
temperature of -TOOT. 

Stennis selected Reflange® of Houston, TX, to develop a new 
piping connector. They adapted an existing design to include a 

secondary face seal 
more tolerant of severe 
temperature changes. 
With further testing and 
refinements, the compa- 
ny produced a connec- 
tor that met NASA’s 
requirements. Known as 
the T-Con®, it was used 
in all CTF locations 
where severe thermal 
shock was anticipated. 

Reflange developed 
two spinoff products 
from this NASA project: 
a commercial T-Con with a secondary seal for thermal-shock 
applications in industrial operations; and a second spinoff that 
emerged in the course of T-Con development. The E-Con® dual- 
seal flange design offers all the technical advantages of the T- 
Con, but at a reduced cost in larger sizes in which the quantity 
requirement is small. 

Surviving the Shakes 

Along with 400,000 pounds of thrust, each of the Space 
Shutde’s three main engines generates enough vibration to 
shake itself to pieces. In developing the engines, NASA required 
fasteners that could withstand the shock and vibration without 
loosening. This was a tall order, but NASA wanted even more: 
The fastener had to have a 15-cycle reuse capability. 

Spiralock Corporation of Madison Heights, MI, exceeded 
NASA’s requirements with the Spiralock® internal-thread fasten- 
er. NASA tests indicated that this “super fastener” held tight even 
when subjected to vibration ten times greater than the shuttle 
requirement. And Spiralock maintained its clamping power after 
50 cycles. Every shutde engine built incorporates more than 750 
Spiralock fasteners. 

Spiralock’s key component is a 30-degree wedge ramp. When 
clamp load is applied during assembly, the Spiralock thread form 
locks the standard male fastener in place by drawing the crests of 
the male thread tighdy against the wedge ramp. This wedge-lock- 
ing makes Spiralock exceptionally resistant to transverse vibra- 
tion — the major cause of thread loosening — and substantially 
reduces the risk of fatigue failure. 

A High Adventure 

Mount Spurr — an active volcano in Alaska — erupted three 
times in 1992. Because the crater was too dangerous for human 
exploration, a robot was dispatched to explore its depths. Dante 
II, developed for NASA by Carnegie Mellon Robotic Institute, 
was equipped with an array of sensors and imaging devices. The 
eight-legged robot was able to rappel down the inside wall of 
Mount Spurr’s crater and communicate its findings to scientists, 
who stayed at a safe distance. An important contribution to this 


volcano expedition was an 
innovative strain-gage applica- 
tion from HITEC Corporation 
of Westford, MA. 

HITEC’s assignment was to 
develop a strain gage-based 
solution for measuring bend- 
ing forces on Dante II’s legs. 
The sensor would warn the 
robot’s human operators if a 
robotic limb got caught in a 
crevice and if the kickout load 
on the leg exceeded design 
limitations. HITEC’s engi- 
neers had only one month in 
which to research and design 
a solution. The resulting sen- 
sor system consisted of four 
strain gages: two measured 
bending in tension at the sur- 
face strain on one side; and 
two on the opposite side mea- 
sured compression bending. 

The Dante project helped HITEC expand the company's tech- 
nological capability and led to further developments in strain 
gage-based sensor applications. HITEC now provides strain-gage 
services in creating u ansducers out of such components as Indy 
racing-car suspension pushrods, NASCAR suspension compo- 
nents, and components used in motion control. HITEC general- 
ly supplies sensors to measure strain, stress, and loads on auto- 
motive, gas turbine, and structural components. The first U.S.- 
made bobsled for the U.S. Bobsled Team also has benefited from 
the company’s technology — HITEC installed sensors on the 
four skate runner shoes to measure vibration forces. 

High-Tech Insulation 

Protecting the Space Shuttle and its crew during the fiery reen- 
try through Earth’s atmosphere requires high-tech protection. 
Advanced Flexible Reusable Surface Insulation (AFSRI) was 
developed by NASA’s Ames Research Center and integrated into 
the Shuttle by Rockwell International. In 1974, production of 
AFRSI was transferred to Hi-Temp Insulation, Camarillo, CA. 

For over 20 years, 

Hi-Temp has provided 
insulation blankets for 
the external leeward 
surfaces of the shuttle. 

To meet the demands 
of the shutde program, 
the company has creat- 
ed many new technolo- 
gies. A required combi- 
nation of low weight 
and high thermal effi- 
ciency prompted exam- 
ination of new materi- 
als and fabrication 
techniques. Shutde insulating material must resist temperatures 
of about 2,000° F for 15 minutes with no burn-through. 

For low-temperature areas of the shuttle, Hi-Temp made 
molded Fiberglas insulation covered with polyester film. 
Hydraulic lines and system components are wrapped with 
this material. The payload bay is protected with Hi-Temp’s 
two-blanket insulation system, and the main engine nozzles 
use ceramic insulation that withstands up to 2,600° F and 
extreme vibration. 



The E-Con piping connector features a 
dual-seal flange design. 



HITEC sensors were installed on the 
four skate runner shoes of the U.S. 
Bobsled Team's sled. 



Hi-Temp insulation is used on Boeing's 777 — 
it is assembled on a check fixture and 
includes a quilted insulation core. 
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Call HP DIRECT today 
at 1-800-452-4844, 
Ext. 5920, for your 
FREE HP Basic 
Instruments Catalog. 

** n 

Or check out our 
on-line HP Basic 
Instruments 


HP 34970A data acquisition/switch unit 

Modular system offers 20 channels of 6’4-digit 
measurements for only $1,685* 


HP 54645D MSO. The industry's first 
mixed signal scope — two scope and 
16 logic channels synchronized $4,995.* 


HP 331 20 A 15-MHz function/arb 
generator. Custom waveforms for 
only $1,795* 


IBI) Catalog at 
http://www. hp. com/info/bi45 


Skeptical that a company such as HP can meet 
your need for low-cost, high-performance instru- 
ments? We understand. Ironically, it’s because 
of our high-end technology that we’re able to 
deliver a lineup of affordable test instruments. 

Who needs products within budget, 
without compromise? 

You do. And so do thousands of other engineers 
and technicians who ask for instruments with- 
out all the costly frills. So each of our basic 
tools offers just what you need to get the job 
done right. 


That doesn't mean we cut comers. We use 
our traditional engineering and manufacturing 
strengths to offer a multitude of high-end 
technologies in our no-compromise basic 
instruments. 

And we make them incredibly easy to buy 
through HP DIRECT, where one call can put 
you in touch with engineers who know how 
to make the measurements you need to make. 
You can call with a measurement question, 
for information on specs, or to discuss which 
product best suits your needs. 


01998 Hewlett-Packard Co. TMEMD606. 1/NASATB 
U.S. list price. 



HEWLETT® 

PACKARD 
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With NASA’s assistance, improvements to Hi-Temp insula- 
tion material enable it to withstand heating and cooling cycles; 
rapid and fluctuating temperature changes; continuous vibra- 
tion and gravitational stress; and aircraft-engine contaminants. 
Hi-Temp’s shuttle work has led to new production techniques 
for both aerospace and commercial markets. These include 
insulation blankets for aircraft-engine exhaust ducts; fire-barri- 
er material to protect aircraft-engine cowlings; molded- 
Fiberglas blankets for acoustical insulation; and aircraft rescue 
firefighter suits. 

The Smart Bolt 

A NASA space solution has yielded a heat-resistant intelligent 
fastener that may revolutionize manufacturing assembly, espe- 
cially in the automotive industry. A product of Ultrafast, Malvern, 
PA, the fastening technology was developed under a Small 
Business Innovation Research (SBIR) contract managed by 
NASA’s Marshall Space Flight Center. The partnership resulted 
from a need for critical-fastening appraisal and validation of 
spacecraft segments coupled together in space. In-orbit assembly 
requires both lightweight wrenches for enhanced robot-arm 
mobility as well as remote fastener-load inspection capability. 

Ultrafast’s intelli- 
gent bolt utilizes a 
piezoelectric thin- 
film deposited di- 
rectly on one end of 
die fastener. When 
electrically excited 
by an Ultrafast tool, 
tensile loads can be 
controlled accurate- 
ly during the bolt- 
tightening process. 
Insufficient bolt 
preload is usually 
the root cause of 
joint failure result- 
ing from joint sepa- 
ration, bolt loosen- 
ing, or fatigue. 

A bolt topped by 
the low-cost thin-film functions as a uansducer for measure- 
ment and recording of bolt tensile load. Ultrafast technology 
uses the relationship between the speed of ultrasonic waves in 


a material and the stress applied to the material as the basis for 
computing load measurements. The time of flight of the ultra- 
sonic signal traveling in a fastener increases as the load on the 
fastener increases. 1 ltrafast s technology eliminates having to 
loosen the fastener and disturb the joint during maintenance 
and inspection. 

The Ultrafast system holds distinct advantages for the auto- 
motive industry. Components such as powertrains, steering sys- 
tems, and brakes can achieve higher safety and reliability while 
minimizing service costs. Use of high-speed impact or impulse 
wrenches to improve joint integrity and inspection can lower 
manufacturing costs by reducing joint-assembly time. 

Since 1976, NASA Spinoff has featured many down-to-earth 
applications of NASA technology. To learn more about how 
NASA technologies affect our everyday lives, visit the Spinoff 
web site at: www.sti.nasa.gov/tto/spinoff.html 


To Contact Profiled Companies, Call: 

Diamonex 

21 ^- 300-71 30 

Hi-Temp Insulation 

805-484-2774 
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Inorganic Coatings 


Reflange 


Spiralock Corp 


3M 


UE Systems 


Ultrafast 



Next Month: 

NASA Technologies Used in Electronics, Sensors 
& Robotics 
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Ultrafast's intelligent fasteners assure that more 
precise loads are applied during bolt tightening. 


Looking Ahead ... 

• UE Systems, Elmsford, NY, recently was awarded an exclu- 
sive license from NASA’s Kennedy Space Center (KSC) to 
commercialize a new portable ultrasonic device that can 
detect leaks at greater distances. The Long Range Ultrasonic 
Detection Module was developed jointly by KSC engineers 
and UE Systems after fuel leaks grounded some shuttle 
launches. NASA and UE Systems incorporated innovative cir- 
cuitry, improved transducers, collecting horns and contact 
sensors for increased reliability, sensitivity, and versatility. The 
new handheld system uses a parabolic collecting horn to dou- 
ble the unit’s detection range. The double amplification 
effect works acoustically to provide a telescopic depiction of 
leaks. Applications range from leak detection to mechanical 
and electrical system inspections. 

• NASA’s Marshall Space Flight Center’s Productivity 
Enhancement Complex (PEC), operated by the Materials 


and Processes Laboratory at Marshall, works with industry to 
develop new materials, processes, and assembly techniques. 
The focal point for cooperative research activities between 
Marshall and its contractors, the PEC’s efforts provide bene- 
fits such as reduction of program costs, promotion and 
exchange of new ideas, and validation of new manufacturing 
materials and processes. Research cells for welding, rapid pro- 
totyping, insulation, robotics, thermal analysis, composites, 
coatings, cleaning techniques, and other technologies are 
available. NASA encourages collaboration efforts between 
NASA and industry to develop advanced manufacturing tech- 
niques. Manufacturing process improvements can be 
designed and tested using the unique capabilities of the PEC. 
For additional information on the PEC, contact NASA 
Marshall s Technology Transfer Office or visit the web site at 
http://techtran.msfc.nasa.gov 
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After TO Days, 
You Start to 
Wish They Would. 


It’s been over ninety days since the launch of the Lunar 
Prospector spacecraft and we still haven’t heard from NASA. 
Which is our way of saying no news is good news. It means 


that Spectrum Astro’s Command and Data Handling 



Gates West 

Electronics Engineer 
5 Years Space Experience 
Native of Arizona 


Mm 1 


Don Doerres 

Software. REA 

20 Years Space Experience 

Native of Iowa 


Steve Westing 

Electronics Engineer 
10 Years Space Experience 
Native of Colorado 


Subsystem continues to perform flawlessly in orbit around 

the moon, gathering and transmitting the data that will help 

scientists to determine the amount of water on the moon 

and map the composition of the lunar surface. And, like 

all Spectrum products, our C&DH is designed to 

operate with maximum efficiency. This 80C86 

based system, developed under contract to 

Lockheed Martin, integrates CCSDS, 

telemetry, payload interfaces, attitude 

interfaces and battery charge 

control into one lightweight unit Of 

course, perfect flight performance is 

not new to Spectrum Astro, but it 

does present our engineers 

with the added risk of the 

unknown: free time. 

From all of us here at 
Spectrum Astro, 
congratulations Lunar 
Prospector Team! 


SPECTRUMASTRO 

www • spectrumastro • com 

1440 N. Fiesta Boulevard Gilbert, Arizona 85233 USA 
phone 602.892.8200 fax 602.892.2949 
Contact Howard Parks, Director of Program Development 
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Edvanced Computers Help 
Assess Chernobyl Damage 

OCTANE™ workstation and Onyx2“ 
visualization supercomputer 
Silicon Graphics 
Mountain View, CA 
www.sgi.com 

According to the U.S. Department of Energy (DOE) experts 
at Lawrence Livermore National Laboratory, the concrete sar- 
cophagus built over the Chernobyl Unit Four nuclear reactor 
after the explosion 12 years ago is deteriorating. The DOE, 
NASA, academic, and private-sector scientists, along with the 
Ukrainians, are building a high-tech robotics and vision system 
to analyze and repair the decaying structure. NASA’s $2.7 mil- 
lion funding was provided because Pioneer will be testing tech- 
nology that may be used for future space missions. 

Experts at Lawrence Livermore have found that radiation 
levels inside many reactor rooms at the plant are still so high 
that people can’t work in them without facing serious health 
risks. Rain is seeping into the facility,' and draining through 
radioactive material into ground water. If die sarcophagus 
collapses or walls inside the reactor area fracture, radioac- 
tive dust could be released into the atmosphere and uavel 
hundreds of miles over the Eurasian 
continent. 

The radiation-tolerant, 1000- 
pound Pioneer robot, being built by 
Red Zone Robotics of Pittsburgh, 

PA, runs on tank tracks and is armed 
with a multi-camera mast, sensors, a 
bulldozer plow, and a drill strong 
enough to penetrate concrete. 

Operators, in a lead-lined room 
near the reactor core, will drive 
Pioneer into the contaminated areas 
to capture images, structural sam- 
ples, and other measurements. 

Silicon Graphics has supplied an 
OCTANE”' workstation, connected 
to the robot by a cable, to build vir- 
tual reality maps of the rooms. It 
will help the operator know the 
exact position of the robot within 
the radioactive area; convert the 
images from the camera head into a 
computerized surface mesh; color 
the mesh with the camera images; 
display the final mesh within the 
context of the rest of the building; 
and analyze core samples for struc- 
tural stability. The workstation will 
be disposed of after the mission 
because of its exposure to radiation. 

A second OCTANE workstation will 
be housed in Chernobyl’s administrative building, and a third, 
residing at the University of Iowa, will be connected to the 
other workstations via a NASA satellite link. 

NASA Pioneer team members are creating a more 
advanced version of the virtual reality software developed by 
NASA Ames Research Center for the Mars Pathfinder mission. 



It is feared that the concrete sarcophagus built over the Chernobyl 
nuclear reactor after the explosion 12 years ago is deteriorating. 


Using futuristic software recently developed at the University 
of Iowa, Pioneer operators will “see” what the robot sees on 
their workstation’s video window. Next to this window, other 
window’s will show’ different views of the robot as it moves 
through the virtual world it creates when it enters a room. 

“Our w’ork with the National Robotic Engineering Con- 
sortium is helping to usher in a new era where robots 
and high-performance computers 
do work too dangerous for 
humans,” said Dave Lavery, Tele- 
robotics Program Executive at 
NASA Headquarters. “This is an 
example of how NASA’s technology 
can be used to benefit private 
industry.” 

Using the Onyx2 visualization 
supercomputer at the University 
of Iowa, Pioneer team members 
will fly through the photo-realistic 
world of Chernobyl created by the 
OCTANE workstations to assess the 
structural integrity of the reactor. 
They will be able to inspect the 
damage done by the explosion, and 
determine how much fuel-contain- 
ing material melted into floors 
and flow’ed into lower levels of the 
building. Other information col- 
lected by Pioneer, such as tempera- 
ture, humidity, and radiation levels, 
will be integrated into the 3D com- 
puterized model. 

In a test of the camera system 
and associated software performed 
this spring, the robotics team 
acquired a panoramic 3D map of a 
construction site at the University 
of Iowa, and drove a virtual Pioneer 
robot through it using Silicon Graphics equipment. Pioneer is 
scheduled to begin mapping the Chernobyl reactor in 
November; output of the project should be available to the 
public by December. 

For More Information Circle No. 756 



Pioneer will include a mobility platform and sensor/tooling 
packages, such as a coreborer, 3D Mapper, manipulator, 
and environmental sensors that measure temperature, 
humidity, and radiation levels. Illustration: Bryon Laffitte 
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If You Ne ed SMT Resins 
That Can Handle Practically Anything, 
This Combination Is A Knockout. 



DuPont Zytel® HTN and Zenite™ LCP. 


Whatever your SMT needs, DuPont has the best one- 
two punch around. Zytel® HTN (high-temperature 
nylon) for typical applications, and 
Zenite™ LCP (liquid crystal polymer) 
for the most demanding ones. Both 
reduce the risk of blistering over 
competitive alternatives, and are easy to process, with 
exceptional flow and very fast molding cycles. 
Zenite™ LCP flows better than other LCPs, making it 
the best choice for components with very thin walls. 
What’s more, with HDTs up to 295C, it’s ideal for 
elevated SMT assembly temperatures. Zytel® HTN is a 


very cost-effective alternative for new designs with more 
typical wall thickness, as well as upgrades for through- 
hole designs. For more information, call 1-800-533-1313 
or visit us at www.dupont.com/enggpolymers/americas. 
Whatever your surface mount problem, we’ve got a 
solution that’s right on the nose. 

(gDPOiTD 

DuPont Engineering 
Polymers 
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Hardware- Command- 
Decoding ASIC 

This integrated circuit, designed to 
decode digital command signals trans- 
mitted from ground to a spacecraft, per- 
forms functions that previously 
required several different circuits. It 
takes less space and consumes less 
power. A terrestrial version of this cir- 


cuit could possibly be used to decode 
digital commands for a mobile robot. 
(See page 42.) 

Column-Loading Input Chip for 
Neural-Network Module 

A conceptual integrated circuit would 
serve as an interface between various 
sources of image data and a three- 


dimensional analog neural network. All 
functions would be performed within a 
cycle time of 250 ns. 

(See page 46.) 

Lightweight, Radiation-Resistant 
EMI Shields 

Graphite-fiber polymer composites 
intercalated with select molecules or 
atoms can serve as effective EMI shields 
and at a fraction of the weight of alu- 
minum boxes. 

(See page 54.) 

Instrument Records Electric 
Fields Generated by Lightning 

A portable self-contained compact 
instrument measures and records tran- 
sient electric fields generated by near- 
by lightning strikes. This instrument 
and a companion instrument measur- 
ing magnetic fields can be used to 
detect damage or disruption of sensi- 
tive electronic equipment in thunder- 
storms. 

(See page 56.) 

Optoelectronic System 
Measures Tile Cavities 

A hand-held system produces a 
three-dimensional measurement of a 
tile cavity in less than one second. An 
earlier procedure took more than 30 
hours. 

(See page 58.) 

Reducing CTE Mismatch 
Between Coatings and 
Si-Based Ceramics 

Two techniques are proposed to 
reduce thermal-expansion mismatches 
between substrates made of silicon or sil- 
icon-based materials and surface coats 
that protect these substrates from chem- 
ical attack in oxidizing and/or corrosive 
environments. 

(See page 66.) 

Single Crystal 
Nickel-Base Superalloy 

This is a modified composition 
designed for use as a turbine blade and 
vane alloy for the space shuttle main 
engine. The superalloy exhibits signifi- 
cantly better fatigue and crack-growth 
resistance than previous alloys, particu- 
larly under severe hydrogen-embrittling 
conditions. 

(See page 68.) 



Small, Ruggedized CCD Color Camera 


Request Your Free Demonstration' 


Hitachi Denshi America, Ltd 


www.hdal.com 

Dallas 817-488-4528 
Los Angeles 310-328-6116 


Atlanta 770-242-3636 
Chicago 630-250-8050 


New York 516-921-7200 
Canada 416-299-5900 


The compact Hitachi KP-D8 
(22 mm x 22 mm x 86 mm) 
requires only a 1 2 volt DC supply, 
i The camera achieves high 

resolution (470 lines) via its 410,000 
pixel, 1/3 inch, micro lens CCD. 
Digital signal processing provides 
^ functions such as a 2H enhancer 
and aperture correction. 
Automatic electronic shutter and 

( automatic gain control maintain 
optimum video output level. Lens 
auto iris control is also available. 

I Switch between NTSC orY/C 
output Remote control of all 
camera functions via RS-232C. 

4 lux minimum illumination. A 
single Hirose connector is provided 
for power, video output, and serial 
data for remote control. 


HITACHI 
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The World 
Standard 
in Real-Time 
Data Recorders. 


In the world of real time data recording , 
there is no room for compromise because the 
incoming data is priceless. Decisions need to 
be made instantaneously as the recording 
takes place -in real time. Engineers doing 
aerospace telemetry, automotive testing, 
electrical power transmission or telecommuni- 
cations analysis, have made the Astro-Med 
MT95K2 the world standard because of its 
recording power and reliability. 

For detailed information and engineering 
specifications call, fax, or E-mail 
Astro-Med today. 


■ No Delay... see full traces on monitor 
while recording 

I On-Board Data Analysis as well as by host 
program 

Patented Twin Printhead Design... 300 dpi 
laser printer resolution for clear, crisp traces 
On-Board Signal Conditioning for voltage, 
temperature, pressure and strain recording 

■ Front Panel Floppy Drive for personal 
chart and system setups 

l Data Capture... store up to 32 megabytes in 
RAM; 1 gigabyte to internal hard drive; 
stream to external 2 gigabyte drive via SCSI; 
archive to DAT or floppy drive 
E 8 to 32 Waveform Channels... plus 32 
events; DC to 20 kHz; chart speeds to 500 
mm/sec 

I Record digital data via ethernet, SCSI, 
GPIB, or parallel interfaces 


Astro-Med, Inc. 

Astro-Med Industrial Park, West Warwick, 

Rhode Island 02893 • Telephone: (401) 828-4000 
Toll Free: 800-343-4039 • Fax: (401) 822-2430 
E-mail: astro-med@astro-med.com 
Web Site: http://www.astro-med.com 
Astro-Med is System Certified to ISO 9001 

Sales and Service Centers throughout the l IS., Canada 
and Europe. Dealers located throughout the world. 
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©Automated System for Acting on Findings From Inspections 

Real-time access by all concerned parties fosters understanding of the condition of hardware. 

Stennis Space Center, Mississipfri 


The Automated Nonconformance 
System, based at Stennis Space Center, 
is a computer network dedicated to 
administration of inspections and 
repairs of rocket engines. This automat- 
ed system was developed to replace a 
manual system in which paper docu- 
ments were used to document the steps 
of inspection and repair processes, and 


system. It is still necessary to follow the 
complex procedures, but the automated 
system eliminates the paperwork delays 
and the potential for paperwork error, 
and enables all interested parties at 
diverse locations to gain access to 
inspection and repair data in real time. 
In so doing, the automated system fos- 
ters a high degree of awareness of the 


not yet been completed, and to perform 
numerous other functions essential to 
documenting inspection and repair 
processes. Passwords are used to control 
access to the system, and as evidence of 
authority to apply and void stamps. The 
automated system also performs audits 
to prevent both (1) duplication of work 
and (2) shipping out a piece of hard- 



This Interactive Display is one in a sequence of such displays presented to the user for entry of data into an IDCR. 


in which the documents had to be han- 
dled and transferred repeatedly accord- 
ing to complex procedures designed to 
ensure the completion of interdepen- 
dent process steps in the correct 
sequences. 

The basic paper document in the 
manual system — called the “Inspection 
Discrepancy and Correction Record” 
(IDCR) — has been converted into a 
collection of menu-driven interactive 
alphanumerical and graphical computer 
displays (see figure) in the automated 


condition of the inspected and repaired 
hardware and helps to ensure that all 
technical and organizational require- 
ments are satisfied. 

The automated system affords capa- 
bilities to generate IDCRs, to import 
photographs and drawings from previ- 
ous inspection and repair processes, to 
apply and void the electronic equivalent 
of stamps that were previously applied to 
paper to document authority to perform 
or authorize various process steps, to 
identify required process steps that have 


ware before all required process steps 
have been performed, all necessary 
stamps applied, and all documentation 
completed. 

This work was done by Victor 0. Alfaro, Sr, 
and Robert M. Robb of Boeing, Rocketdyne 
Propulsion & Power for Stennis Space 
Center. For further information, access the 
Technical Support Package (TSP) free on-line 
at urww.nasatech.com under the Information 
Sciences category, or circle no. 1 21 on the TSP 
Order Card in this issue to receive a copy by 
mail ($5 charge). SSC-00054 
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EAI’s Jeff Spencer 

ON AN HP WORKSTATION 

What’s your vision? 



You’ve got ideas. But do you have the tools to visualize them? You do 
with HP Technical Computing Systems. The leading price-performance 
HP UNIX® and Windows® NT-based workstations and scalable 
super-computers give you powerful graphics capabilities and real-time 
data analysis. So in addition to mnning world-class applications quickly 
and collaborating instantly with colleagues, you can make your vision a 
reality. A free video showing how HP is helping world-class engineering 
companies facilitate the design process and speed time-to-market is 
now available. For details, visit wvxw.hp.com/go/mdatools. 



Image courtesy of Engineering Animation, Inc. Landscape photo courtesy of National Space Science Dsta Center. UNIX is a registered trademark in the U S. and other 
countnes, licensed exclusively through X/Open Company Ltd. Windows is a U.S. registered trademark of Microsoft Corp. ©1997 Hewlett-Packard Company 
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Computer System for Managing Construction Projects 

Stennis Space Center, Mississippi 


An automated system of computer 
hardware and software has been devel- 
oped for managing construction pro- 
jects at Stennis Space Center. This 
system replaces an older collection of 
paper-based subsystems, wherein docu- 
ments were copied, filed, and distrib- 
uted in labor-intensive processes. Data 
collected in the older system were 
not readily accessible, cross-referencing 
of information in conjunction with 
changes was difficult, and there was no 


way of evaluating effects of changes on 
schedules. The present system includes a 
commercially available server and work- 
stations running software constructed 
largely from commercially available 
office, data-base, graphical, and spread- 
sheet software. The system features sev- 
eral data bases with a user-friendly inter- 
face, which provides on-line help, plus 
“intelligent” forms for electronic report- 
ing in standard formats. Drawings and 
specifications can be retrieved, and “red- 


line” comments can be added. Change 
packages can be reviewed on-line from 
remote locations. The system provides 
security through control of access ac- 
cording to the user’s authority to initi- 
ate, review, or determine the statuses of 
change packages and schedules. 

This work was done by Catherine L. Faroe 
of Lockheed Martin for Stennis Space 
Center. For further information, access the 
Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Electronic 
Systems category, or circle no. 122 on the 
TSP Order Card in this issue to receive a copy 
by mail ($5 charge). SSC-00061 


©Computer Network 
for Management 
of Inspection Data 

Users need not travel to view 
original inspection records 
and archival documents. 

Stennis Space Center, Mississippi 

The Nondestructive /nspection and 
Evaluation Management System (NIMS), 
based at Stennis Space Center, is a com- 
puter network dedicated to administra- 
tion of a large data base pertaining to 
nondestructive inspections of rocket- 
engine components. The NIMS serves 
as both an electronic archive of inspec- 
tion records and as a communication 
medium. Inspection records can be in a 
variety of forms, include ordinary pho- 
tographs, fluorescent-penetrant images 
of cracks, eddy-current traces, images 
from ultrasonic scans, and sketches. 

One important benefit afforded by 
the NIMS is providing rapid, easy access 
to records of previous inspections. 
Inspectors and engineers often need to 
view such records to obtain guidance in 
the interpretation of records of new 
inspections and in the development of 
new inspection techniques. Before the 
development of the NIMS, it was neces- 
sary to engage in a labor-intensive and 
time-consuming procedure of retriev- 
ing original inspection records from 
archives, photocopying them, and send- 
ing the photocopies to the requesting 
engineers and inspectors. 

Another important benefit afforded by 
NIMS is enabling a person at one loca- 
tion to view, in real time, the record of an 
inspection performed by another person 



Less is more. 

Less parts, less assembly steps, less 
assembly time - all yield more productivity 
and more cost reductions. To achieve this, 
designing for assembly (DFA) is critical. 

PEM® products are made for DFA. Just 
punch or drill a hole and press a PEM 
fastener into place. PEM self-clinching 
fasteners install permanently into thin 
sheets. There are fewer parts and fewer 
total pieces to handle during assembly 
which translates into cost savings . We 
also offer threadless and multi-function 
fasteners to further meet your DFA needs. 


' HERE’S THE CUNCHER 


for anyone 


who designs 


for assembly. 


These include SNAP- 
TOP® (shown in photo 
above) standoffs which 
eliminate the need for 
screws, locating pins for 
quick alignment of mating 
parts, P.C. board fasten- 
ers and many others. 


For automated installation, our line of 
PEMSERTER® presses quickly install PEM 
fasteners, further reducing assembly time. 


tor 3 complete PCM catalog, cat 



FOR INSTANT INFO ON THE SNAP-TOP 


PRODUCT. CALL THE PEMFAT SYSTEM AT 


1 - 800 - 736-6863 


SPECIFY DOCUMENT NUMBER 7131 


1 - 800 - 237-4736 


Visit us on the Worldwide Weh: 

http://www.pemnet.com 


Clinch it with PEM’ 

V 


FASTENERS & PRESSES 


PENN ENGINEERING & MANUFACTURING CORP. • P.O. Box 1000 • Danboro, PA 18916-1000 
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Korketdyne Division of Boeing North American, Inc. 

John C Stennis Space Center 
Center of Excellence 
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Computer Displays With Full Graphical Capabilities enable individuals at various locations to view inspection records. 


at a different location, in order to dis- 
cuss or confirm the interpretation of the 
record. Before the development of the 
NIMS, it was common practice to trans- 
mit copies of the inspection records by 
facsimile (“fax”) for this purpose, but 
the degradation of image quality by fac- 
simile transmission often rendered the 
copies useless, making it necessary for 
the assisting engineer and inspectors to 
travel to the inspection sites. With the 
NIMS, one can view a photographic- 
quality copy of an inspection record 
from any location in the network. 

The NIMS is compatible with IBM 
and Macintosh, or compatible, comput- 
ers. It accommodates new inspection re- 
cords and new types of inspections as 
needed, without extensive programming 
changes. Security is maintained by re- 
quiring passwords for access by users 
and guests. 

This work was done by Victor 0. Alfaro, 
Sr., Robert M. Robb, and Michael F. Reynolds 
of Boeing, Rocketdyne Propulsion & Power 
for Stennis Space Center. For further infor- 
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Information Sciences category, or 
circle no. 113 on the TSP Order Card in this 
issue to receive a copy by mail ($5 charge). 
SSC-00055 


Essential Test Equipment 


The SmartReader Plus 7 can measure & record 



• Temperature 

• Humidity 

• Pressure 

• Vibration 

• Flow 

• Current 

• Voltage 

• And more... 


It features 

• 8 channels 

• 87,000 readings 

• 12-bit resolution 

• ±0.5% accuracy F.S. 

• NIST traceability 

• Alarm dialout 


We offer you 

• Free tech support 

• Free software upgrades 

• 3-year warranty 

• Year 2000 compliance 


Give us a call 

1-800-663-7845 

Fax: 1-604-591-2252 J||||| 

acr@acrs\ stcms.com |||||| 

www.acrsystems.com srsriKsmc. 
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Maximize the 

power 
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® ASIC for Reed-Solomon Coding and 
Related Functions 


Implemented in the ASIC is a portion of the spacecraft 
uplink protocol specified in the widely used Consultive 
Committee for Space Data Systems (CCSDS) 
international standard. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


The Reed-Solomon downlink applica- 
tion-specific integrated circuit (RSDL 
ASIC) performs Reed-Solomon encod- 
ing of telemetry data, internally gener- 
ates all timing and control signals neces- 
sary for the RS encoder, transfers frames 
of encoded data to a radio transmitter, 
and performs ancillary timing and 
control functions. The RSDL ASIC was 
designed for incorporation into a space- 
craft downlink telemetry system, where- 


in the multiple functions involved in 
downlinking of telemetry transfer 
frames previously required interfaces 
with many discrete circuits and com- 
ponents. The RSDL ASIC may also be 
adaptable to terrestrial applications 
(e.g., recording in the entertainment 
industry) that involve Reed-Solomon 
encoding. 

The RSDL ASIC (see figure) contains 
six distinct functional hardware/soft- 
ware blocks; an intersubassembly bus 
interface (ISB I/F), a timing-and- 
control block, a dming unit (not to be 
confused with the timing-and-control 
block), a bus arbiter, a Reed-Solomon 
(RS) encoder, and a synchronization- 
pattern block. All of these functional 
blocks are integrated in a highly effi- 
cient manner to fit on one chip. This 


ASIC operates in conjunction with a 
solid-state recorder interface unit 
(SSRIU), a static random-access memory 
(SRAM) that serves as an RS memory 
buffer, and a flight computer to forward 
telemetry transfer frames to the radio 
transmitter. 

The timing-and-control block gener- 
ates timing and control signals for the 
rest of the RSDL ASIC (including the 
timing unit) and keeps track of opera- 


tional modes. Commands are carried 
out in the timing-and-control block, 
which then generates control signals for 
the synchronization-pattern block and 
the RS encoder to either shift the syn- 
chronization pattern, encode the mes- 
sage, or shift out the RS check bytes. The 
timing-and-control block also causes the 
timing unit to set or reset the spacecraft 
time and to generate the downlink rate 
used in the RS encoder. It swaps buffers 
and provides logic to force transfer 
frames to synchronize with a real-time- 
interrupt and use a specified downlink 
buffer thereafter. It captures the time 
when the first frame of the downlink 
buffer is sent out. It provides internal 
status and interrupt signals for software. 

The synchronization-pattern block 
contains hard-wired logic circuitry that 


ISB CDS CLOCKS 



The RSDL ASIC Contains Six Hardware/Software Blocks that perform functions that previously 
required interfaces to many external circuits. 
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implements a standard synchronization 
pattern. It shifts data out serially to the 
RS encoder for every downlink frame, 
starting with the most significant bit. 

The RS encoder block is based on the 
Berlekamp architecture and implements 
a standard (255, 233) RS code with an 
interleave depth of 5. In addition to the 
RS encoder, the RS encoder block 
includes a multiplexer to select input 
from either the synchronization-pattern 
block or the SSRIU. The RS encoder 
block is connected direcdy to the RS 
memory buffer. 

The timing unit generates clock fre- 
quencies used throughout a command- 
and-data subsystem of the spacecraft. 
The timing unit includes a timing-chain 
section that converts the main clock sig- 
nal into clock signals at most of the fre- 
quencies needed for that subsystem. 
From an oscillator with a frequency of 
11,944,800 Hz, the timing chain gener- 
ates a 64.005-Hz signal for the engineer- 
ing flight computer, a 2,048.148 Hz 
signal used by a hardware command 
decoder, a pseudo-16385.185-Hz signal 
used within the timing unit, and a 32-Hz 
spacecraft clock signal. The pseudo- 
16385.185-Hz signal is used in conjunc- 
tion with counters to generate the 32-Hz 
signal with high resolution in the follow- 
ing way: A 37-bit counter toggles the 
upper 32 bits of spacecraft time, giving 
resolution of 1/32 s. Another counter of 
9 bits toggles a 14-bit subsecond time 
word. 

The bus arbiter is the only unrelated 
block inside the RSDL ASIC. It contains 
circuitry to arbitrate the ISB between 
four possible bus masters. 

The ISB I/F contains the logic circuit- 
ry that serves as an interface between the 
RSDL ASIC and an external bus arbiter 
or an engineering flight computer via 
the ISB. Software that resides in 
an external computer reads from and 


writes to internal registers in the ASIC 
via the ISB I/F. This block indicates 
whether data are stable and whether 
data written by the ASIC are captured 
correctly. 

Notable features of the RSDL ASIC 
(in addition to those mentioned above) 
include the following: 

• It provides a spacecraft clock to keep 
track of time from 0 to 136 years in 
61.03-ms intervals; 

• There is a correlation between space- 
craft time and the first bit of a defined 
transfer frame; 

• It is easy to reconfigure the RSDL 
ASIC to other applications: The 
length of the transfer frame is pro- 
grammable, software defines the time 
of the resynchronization of the trans- 
fer frames, and the RS encoder can be 
turned on and off; and 

• Software that resides in the flight 
computer can read and write status 
and interrupt signals generated by the 
RSDL ASIC. 

This work was done by James A. Don- 
aldson, Huy H. Luong, and Steven H. Wood 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, access 
the Technical Support Package (TSP) free 
on-line at ivww.nasatech.com under the 
Electronic Systems category, or circle no. 180 
on the TSP Order Card in this issue to receive 
a copy by mail ($5 charge ). 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to 
Technology Reporting Office 

JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-19614, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


Hardware-Command-Decoding ASIC 

Advantages include compactness and low 
power consumption. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A hardware-command-decoding ap- 
plication-specific integrated circuit 
(HCD ASIC) is designed to decode dig- 
ital command signals transmitted from 
a ground station to a spacecraft (uplink 
commands). Implemented in the ASIC 
is a portion of the spacecraft uplink 
protocol specified in the widely used 
Consultative Committee for Space Data 


Systems (CCSDS) international stan- 
dard. A terrestrial version might be use- 
ful, for example, in decoding digital 
command signals for a mobile robot. 
The HCD ASIC performs functions that 
previously required several different cir- 
cuits, while taking up less room and 
consuming less power. Implemented on 
a single silicon-based chip in a 256-pin 
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From CPUs 
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The HCD ASIC performs functions that previously required several different circuits, while taking up less room and 
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package, this ASIC resists both perma- 
nent damage and single-event upsets 
(bit-flips) produced by ionizing radia- 
tion. Tested ASICs are available to users. 


This ASIC is designed to operate in 
conjunction with (1) an engineering 
flight computer (EFC) connected via an 
intersubassembly bus (ISB), (2) critical 


relay controllers (CRCs), 
and (3) a start-up program- 
mable read-only memory 
(PROM). The figure shows 
the hardware and software 
functional blocks of the 
HCD ASIC. In addition to 
the HCD block, this ASIC 
contains a block that per- 
forms error detection and 
correction (EDAC) on data 
that comes from the PROM, 
a CRC block, an ISB inter- 
face block, and a fault-detec- 
tion unit (FDU). The blocks 
are integrated in a highly 
efficient manner to make 
them fit together on the sin- 
gle chip. A key feature of this 
ASIC is the ability to acceler- 
ate processing in the detec- 
tion of “start” data sequences 
and in EDAC, using parallel 
processing. Another key fea- 
ture of this chip is the use of 
the double-buffer method 
for read/ write/ status and for 
resolving overruns of data. 
The data from the PROM are in the 
form of 16-bit words with 6 parity bits. 
The PROMEDAC corrects any single-bit 
error and signals to the ISB bus mas- 
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ter that it has done so. When the 
PROMEDAC finds an uncorrectable 
error, it gives notice to that effect by 
sending out a “bad” parity signal on the 
data-bus portion of the ISB. 

The FDU includes a watchdog timer 
and provides interrupt-control support, 
reset control, and eight discrete outputs 
that facilitate the exchange of informa- 
tion on the integrity and operational 
condition of the system. 

The ASIC receives a serial, digital 
data stream as well as a clock signal and 
a “lock” signal from the uplink data 
receiver. Two parallel-processing algo- 
rithms are used in the HCD block, 
where traditionally a serial process has 
been used. “Start” detection is per- 
formed by checking the 32 most recent 
bits of data with the acquisition 
sequence followed by the “start” se- 
quence. EDAC is also performed by 
using Perlman's (1980) serial algorithm 
in a parallel process. A search of uplink 
data is performed, depending on the 
“active” or “inactive” state of the HCD. 
Whenever the “lock” signal is not pres- 
ent, the ASIC goes into the “inactive" 
state and ignores the uplink. When the 
“lock” signal appears, the ASIC goes 
into the “search” state and starts search- 
ing uplink data for the “start” sequence. 
It then goes into the “decode” state and 
starts decoding code blocks. 

EDAC is performed on each code 
block, and the code block is placed in a 
data buffer accessible via software. A 
“tail” sequence forces the ASIC back 
into the “search” state. Software must 
fetch a code block from the data buffers 
(described below) and perform the for- 
mat checks and interpretation of data. 
The ASIC presents code blocks to soft- 
ware that pieces them together to form 
larger frames. 

The ASIC contains two data buffers 
that are used to pass each uplink code 
block to the software. Each buffer con- 
sists of four 16-bit registers and can hold 
one 64-bit code block. These two data 
buffers enable the software to read one 
buffer while the hardware loads the 
other buffer. 

The CRC block communicates direct- 
ly with the HCD block. It contains data 
on the state of the command-and-data 
subsystem of the spacecraft and on the 
configurations of other parts of the 
spacecraft. The CRC block includes CRC 
and EFC mask registers, into which data 
are written from the ground by use of a 
specific transfer-frame format. The CRC 
block includes an EFC/CRC interface 
that comprises three registers that store 
24 volatile CRC bits. These bits are read- 
able and writable through the ISB. An 
HCD/CRC interface also provides 24 


nonvolatile control of relays. Relay state 
may be changed ahead through the ISB. 

The ISB interface connects the ASIC 
to the outside world through the ISB 
bus. It also serves as the main interface 
between the EFC and the command- 
and-data subsystem. It generates all nec- 
essary ISB bus timing signals. 

This work was done by Gary S. Bolotin, 
James A. Donaldson, Huy H. Luong, and 
Steven H. Wood of Caltech for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation, access the Technical Support Package 
(TSP) free on-line at wxvw.nasatech.com 
under the Electronic Systems category, or cir- 


cle no. 152 on the TSP Order Card in this 
issue to receive a copy by mail ($5 charge). 

In accordance with Public Laxv 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial me should be addressed to 
Technology Reporting Office 

JPL 

Mail Stop 122-1 16 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-19615, volume and number 
of thus NASA Tech Briefs issue, and the 
page number. 
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® ASIC Physical Layout for the HCD ASIC 

HCD ASIC performs a number of functions at 
unprecedented speed. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


An integrated circuit (IC) physical lay- 
out has been developed for the HCD 
ASIC — an application-specific integrat- 
ed circuit that decodes digital command 
signals transmitted from a ground station 
to a spacecraft (uplink commands). The 
HCD ASIC is described in “Hardware- 
Command-Decoding ASIC” (NPO-19615), 
which appears elsewhere in this issue of 
NASA Tech Briefs. The present physical lay- 
out will be converted to a mask for IC fab- 
rication of the HCD ASIC. 

The physical layout has been extensive- 
ly simulated for its functions of receiving 
and decoding the uplink commands 
through a programmable read-only mem- 
ory (PROM) interface, including conver- 
sion of the command data from the serial 
uplink format to parallel format. At the 
same time, the HCD ASIC provides detec- 
tion of some triple bit errors, detection of 
all double bit errors, and correction of all 
single-bit errors in the uplink commands, 
plus detection of hardware faults, all at 
unprecedented speed. Another unique 


feature is the use of the double-buffer 
method for read/write and status for 
resolving overruns. 

This work was done by Gary S. Bolotin, 
James A. Donaldson, Huy H. Luong, and 
Steven H. Wood of Caltech for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation, access the Technical Support Package 
(TSP) free on-line at urww.nasatech.com 
under the Electronic Systems category, or circle 
no. 127 on the TSP Order Card in this issue to 
receive a copy by mail ($5 charge). 

In accordance with Public Law 96-51 7, the 
contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to 

Technology Reporting Office 

JPb 

Mail Stop 122-116 

4800 Oak Grove Drive 

Pasadena, CA 91109 

(818) 354-2240 

Refer to NPO-1 9628 , volume and number 
of this NASA Tech Briefs issue, and the page 
number. 


O Column-Loading Input Chip for 
Neural-Network Module 

All functions would be performed within a cycle time of 250 ns. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


The column-loading input chip 
(CLIC) is a conceptual integrated-circuit 
chip that would serve as an interface 
between (1) any of various sources of 
image data and (2) a three-dimensional 
analog neural network (3DANN) of 
the type described in “Neural-Network 
Modules for High-Speed Image Proc- 
essing” (NPO-19881), NASA Tech Briefs, 
Vol. 21, No. 10 (October 1997), page 26. 
The overall functions of the CLIC (see 


Figure 1) would be to load 8-bit digital 
image-intensity signals from a 64 x 64 
array of pixels, convert these digital sig- 
nals to an array of 64 x 64 analog volt- 
ages, and couple these voltages simulta- 
neously to all of the corresponding 64 X 
64 input terminals of the 3DANN. To 
prevent a data-input bottleneck, the 
CLIC is designed to perform these 
functions within a 3DANN-cycle time of 
250 ns. The digital-to-analog conversion 



256x256 Image 


Figure 1. The CLIC Would Serve as an Input Interface, for example, to perform rastering on a sequence 
of digitized 64 x 64-pixel subimages from 256 x 256-pixel image source and digital-to-analog conver- 
sion for input to a 64 x 64-pixel 3DANN. 
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Figure 2. The CLIC Would Contain an Array of MDACs and shift registers. Digital signals at a basic clock 
rate of 32 MHz would command the shift registers to shift rightward, upward, or downward, and 
would control the MDACs. The input shift registers would be arranged in banks with eight-byte par- 
allel input and output, so that all the input data for a full column of 64 x 64 array could be loaded in 
eight clock cycles. 


would be accomplished in only about 
140 ns, leaving about 1 10 ns for process- 
ing by the 3DANN. The CLIC is also 
designed to satisfy requirements of com- 
pactness and low power consumption. 

As part of the design to achieve the 
required high speed, the digital-to-ana- 
log-conversion would be performed 
locally for each of the 64 x 64 inputs to 
the 3D ANN, by use of a 64 x 64 array of 
multiplying digital-to-analog converters 
(MDACs) at the corresponding loca- 
tions. The input digital image-intensity 
signals for the MDACs would be coupled 
to the MDACs in pipeline fashion, by use 
of row and column arrays of 8-byte shift 
registers (see Figure 2) . 

The data would be shifted into the 
CLIC in parallel 8 bytes corresponding 
to rows or columns of pixels in the 
source image. It would be necessary to 
accommodate input in row or column 
groups of pixels in order to enable 
changes in direction of rastering when a 
64 x 64 array of pixels reached the edge 
of a larger image of which it was a part. 

For input in columns, the data would 
be shifted in rightward from the left 
edge; for input in rows, the data would 
be shifted in downward from the top 
edge or upward from the bottom edge. 
As the data for each successive column 
or row of new data was shifted in, the 
data already in each of the shift registers 


in the interior of the array would be 
shifted rightward (for input by columns) 
or up or down (for input by rows), and 
the data in the registers in the rightmost 
column (in the case of column input) or 
in the bottom or top row (in the case of 


row input) would be destroyed and 
replaced by new data. 

While the data were being shifted into 
the CLIC, the MDACs would continue to 
operate on the data from the preceding 
3DANN cycle. When all the data for a 64 
X 64 array of pixels had been shifted in, 
all MDACs would simultaneously per- 
form analog-to-digital conversions on 
the current contents of their local shift 
registers. After a settling time of about 
140 ns, the analog output voltages of the 
MDACs would be ready for processing 
by the 3DANN. During the remaining 
110 ns of the cycle, these voltages would 
continue to be available to the 3DANN 
for processing, and image data for the 
next cycle would be shifted in. 

This work was done by Tuan A. Duong 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, access 
the Technical Support Package (TSP) free 
on-line at www.nasatech.com under the 
Electronic Components & Circuits category, 
or circle no. 189 on the TSP Order Card 
in this issue to receive a copy by mail 
($5 charge). 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to 
Technology Reporting Office, fPL 
Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-20033, volume and number 
of this NASA Tech Briefs issue, and the page 
number. 
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...It would be the Sagebrush Technology Model 
20 Pan & Tilt Gimbal. 

With a 20 lb payload capacity, 0.01° positional 
resolution, power for your camera, smart 32 bit 
microprocessor, focus and zoom contols, wide 
angular coverage, no required maintenance, 60° 
per second slew, several mounting options, addi- 
tional serial ports (2), quiet operation, zero back- 
lash, single/double shelf models, fully weather- 
proof, 1 2v or 24v AC or DC, and optional 
encoders and joystick, our Model 20 gimbal does 
everything you would need a gimbal to do. 

The Model-20 is an economical and versatile 
gimbal for stationary or vehicle use to position 
video, IR, or photographic cameras, laser range 
finders, telescopes, mirrors, antennas or other spe- 
cial payloads. 

For a complete description of our line of products 
including specifications and pricing information, 
visit our website at wufw.sagebrushtech.com or 
email us at info@sagebrushtech.com. 


Toll Free: 1-800-634-0209 
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Special Coverage: Computer Hardware & Peripherals 



Compaq Computer Corp., 
Houston, TX, has intro- 
duced enhanced models of 
two of its workstations: the 
Professional Workstation 
5100 and 6000. The 5100 fea- 
tures one or two 266-, 300-, 
or 333-MHz Pentium II 
processors; maximum mem- 
ory of 512 MB; five slots; five 
bays; and a 4-GB Wide-Ultra SCSI drive. The new version of the 6000 
workstation features one or two 333-MHz Pentium II processors; max- 
imum memory of 3 GB; six slots; 10 bays; and 10K drives. 

The 3-GB maximum memory capacity is the highest in an NT work- 
station, enabling the system to hold large, complex models, and 
reduce disk swapping. New graphics accelerator options include 
ELSA’s new GLoria Synergy with 8 MB of SGRAM for resolutions to 
1920 x 1200. The Diamond Multimedia Fire GL 4000 3D graphics 
accelerator has been optimized for faster transfer rates and better 
texture mapping. 


The FieldPAC" all-metal, three-inch- 
thick attache-style portable computer 
from Dolcb Computer Systems, 
Fremont, CA, features a 15.1" TFT 
display, ISA/PCI expansion, and 
Pentium* MMX performance. The 
display section of the computer is 
designed to accommodate up to an 
18.1" screen size, and can be grown in 
depth, independent of the main sys- 
tem chassis. PanelLink" and LVDS fiat-panel video communications 
interfaces are implemented, providing compatibility with new display 
technology. 

The unit is housed in an aluminum-alloy enclosure that protects 
against shock and vibration; dust, dirt, and moisture; and electro- 
magnetic fields. The hard drive is cushioned in a Sorbothane™ 
cocoon that isolates it from shock and vibration. The computer can 
hold a full-length ISA or PCI expansion card, plus two Type II or one 
Type III PC cards. It accepts power from any 90 to 265 VAC 50-60 Hz 
source or from a 12 VDC cigarette lighter outlet. 



For More Information Circle No. 746 

Cross Pen Computing 
Group, a division of A.T. 
Cross, Lincoln, RI, has 
introduced the CrossPad" 
portable digital notepad 
that enables users to 
write by hand in ink on a 
standard pad, and trans- 
fer their handwriting 
directly to their PC with 
the press of a button. Once in the PC, the writing or drawings can 
be filed, reorganized, faxed, e-mailed, or printed in handwritten 
form or ASCII text. 

Designed for use in Windows 95/NT applications, the system fea- 
tures an electronic pen and pad. Users take notes in ink on a stan- 
dard pad of paper, while the pen transmits a signal through the 
paper, where the handwriting is recorded onto a digital page in the 
digital notepad. To access the handwriting, the user plugs the 
CrossPad into their PC via a cable that attaches to any standard COM 
port. The notepad operates on four AAA batteries. 


For More Information Circle No. 738 

Hewlett Packard, Palo Alto, CA, 
has introduced five HP Kayak PC 
workstations that feature Intel's 
333-MHz Pentium® II processor. 
Included are three Kayak XA PC 
workstations for the entry-level 
category of Windows NT-based PC 
workstations, for users running 2D 
and business 3D graphics; a Kayak 
XU PC workstation that supports 
single- and dual-processor configurations; and a Kayak XW PC 
workstation that also supports single- and dual-processor config- 
urations, and features the HP VISUALIZE fx4 OpenGL graphics 
subsystem. 

The systems feature 64 MB of synchronous DRAM expandable to 
384 MB: a 6.4 GB Ultra ATA hard disk or a 4.5 Ultra Wide SCSI hard 
disk; and on-board AGP graphics. They also feature HP TopTools 
desktop management interface PC-management software; HP LAN 
Remote Power for lOBase-T and 100Base-T networks; and PC hard- 
ware-monitoring features with preventative alerting. 




For More Information Circle No. 741 

Cherry Electrical Products, 
Waukegan, IL, has announced 
the G81-8000 (full-size) and 
G81-7000 (16" compact) Series 
multifunctional modular key- 
boards capable of reading 
smart cards, magnetic stripe 
cards, and bar codes on a sin- 
gle keyboard. Both models 
have 104 keys and are equip- 
ped with a smart card reader capable of reading/writing to any 
microprocessor-based and/or data storage memory card that uses 
protocols complying with ISO 7816. Data is exchanged between the 
keyboard and computer via an AT or PS/2 interlace. 

Also available is a magnetic card reader capable of reading any 
magnetic card complying with ISO 7811. Up to four tracks can be 
read simultaneously. The keyboards can be ordered with an inte- 
grated bar code decoder that automatically recognizes and 
decodes popular bar codes. GUI-based keyboard configuration 
software is provided to reprogram keys. 

For More Information Circle No. 745 


For More Information Circle No. 736 

Kontron Elektronik Corp., 
Newport Beach, CA, offers 
the IN Rave industrial note- 
book computer that fea- 
tures a magnesium case, 
configurable portable IPC, 
a ZV port for camera con- 
nection, and the ability to 
add PCI frame-grabber 
cards. It is designed for 
high-impact and vibration 
applications in field service, industrial automation, and metrology. It is 
configured with Pentium® 2<X)-MHz MMX" processors or can be 
upgraded to 233 or 266 MHz. 

Weighing less than 1 1 pounds, the notebook features an 1 1 .3" SVGA 
display or an optional 13.3” XGA display. The computer’s battery pack 
has full-operation run time of two hours, and can be extended to six 
hours. Two expansion bays can be configured with batteries, CD-ROM, 
or floppy disk drives, or combination modules. It can accept long PCI 
cards for frame grabbers or measurement cards. 

For More Information Circle No. 735 
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Panel Components 
Corp., Oskaloosa, IA, 
offers a new line of 
miniature Class I 
grounded cordsets 
rated at 2.5 amps for 
use with laptop com- 
puters. One end of 
the cordset is termi- 
nated with an IEC 
320 C5 connector 
and the other end is 
terminated with an 
appropriate country-specific plug. Versions are available for North 
America, Japan, Australia, continental Europe, Britain, India/South 
Africa, Denmark, Sweden, Italy, and Israel. 

Current rating is 2.5 amps, with service at 125-250 VAC. Foreign 
versions are constructed with black PVC molded terminations on 3 x 
0.752 mm conductor, and are available in six-foot lengths. Mating 
inlets and power entry modules are available. 


The COMPstation U10- 
300 Sun Ultra 10-com- 
patible desktop worksta- 
tions from Tatung 
Science & Technology, 
Milpitas, CA, feature the 
PCI I/O bus and the 
300-MHz UltraSPARCIIi 
PCI processor from Sun 
Microelectronics. The 
64-bit processor sup- 
ports five 32-bit PCI 
devices at 33 MHz; an additional 64-bit UPA slot is designed for ver- 
tical add-ons such as Creator graphics cards. 

Configurations include 512 KB of external cache; 64 MB of mem- 
ory, one 4.3-GB hard drive, one 1.44-MB floppy drive, and a PCI 
graphics card. The workstation is designed for engineering, med- 
ical research, geophysics, and other high-end applications. An add- 
on disk array storage subsystem boosts hard disk capacity to 80 GB 
and allows support of Internet or Intranet applications. 




For More Information Circle No. 742 


For More Information Circle No. 739 


FieldWorks, Eden 
Prairie, MN, offers 
the FW7000 Series 
laptop workstations 
that feature an 810- 
MB, 100G operating 
hard drive; 1-MB 
video DRAM; sealed 
mousepad pointing 
device; two serial 
ports; and external 
PS/2-type keyboard 
and mouse ports. The backplane design allows for up to six ISA/PCI 
full-sized cards or six half-size cards, or a combination of both. 

Options include batteries made up of 20 NiCd or NiMH cells; 
dual removable hard drives; removable hard drive under the key- 
board; a backplane bracket that holds two PCMCIA cards; a 1/2- 
card filtered cooling fan; a ruggedized CD-ROM drive under the 
keyboard; and an aluminum travel case. Windows 95 on CD-ROM 
or 3.5" disks can be pre-installed. 


The 20" Venus ATX 
workstation from Inte- 
color Corp., Duluth, 
GA, provides seven 
accessory card slots and 
a total of six drive bays. 
Three internal hard- 
drive bays house storage 
for massive applications 
and process data. Three 
front-access bays allow 
designers to load combi- 
nations such as a floppy, 
CD-ROM, and tape 
back-up unit. A sealed door covers the front-access drive bays, 
switches, and ports. 

Options include NEMA 4-rated joy-stick mouse device and keypad. 
A panel/rack-mount chassis allows easy addiuon of custom controls. 
The workstation is designed for handling large databases, detailed 
graphics, and large number sets. 




For More Information Circle No. 737 


For More Information Circle No. 743 


The 96 Series sealed keyboard/ 
trackball from Computer Key- 
board Systems, Santa Monica, CA, 
is compatible with IBM AT/PS2, 
DEC, RS-232, and other stan- 
dard computers. The low-profile 
keyboard/trackball unit, in 
cased or uncased configurations, 
meets NEMA 4/4X standards, 
and is available in the standard 
96-key version. 

The mechanical keyswitches, 
rated at more than 20 million 
cycles, are protected by a 2-mm- 
thick steel plate with a wear- and 
chemical-resistant polyester front sheet and overall moisture-protec- 
lion sealing. Faraday Cage construction ensures compliance with 
EMC/EMI requirements. The unit is adaptable to vertical panel 
mounting, and can be fitted into an 18" rack system. Versions with 42, 
128, and 168 keys are available. 


Greco Systems, El Cajon, 
CA, has introduced the 
TSS-12 color touchscreen 
computer with a 12.1 ” 800 
x 600 SVGA display. The 
fully integratable PC is 
designed to accommo- 
date shop floor environ- 
ments, and features a 300 
NIT monitor. The unit 
also features a Media GXi 
200-MHz processor. It 
comes with external keyboard and printer ports, but is designed for key- 
board- and mouse-free operation of Windows-based programs. 

The screen responds to fmgerdp input and is resistant to most chem- 
icals and solvents. It is equipped with a fan and filtration system 
designed to cool the system and protect it from harmful debris. The 
swivel base can accommodate tabletop or machine-side placement. The 
unit utilizes PC/ 104 technology and can be integrated into Token Ring 
or Ethernet local area networks. 




For More Information Circle No. 740 


For More Information Circle No. 744 
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O Electronic Components 
and Circuits 


© DC-Excited Thermostrain-Gauge Signal-Conditioning Circuit 

Gauge-resistance and temperature signals are separated. 

Dryden Flight Research Center, Edwards, California 



Differences Between Terminal Voltages provide indications of the temperature of the strain gauge 
and the change in the strain-gauge resistance. 


The figure illustrates a dc-excited 
Anderson-loop circuit that includes (1) 
thermocouples for measuring the tem- 
perature of the strain gauge and (2) a 
signal-conditioning circuit that separates 
the temperature and strain-gauge sig- 
nals in the sense that one output voltage 
is proportional to the change in the 
strain-gauge resistance and another volt- 
age is proportional to the thermoelec- 
tric voltage indicative of the tempera- 
ture of the strain gauge. 

The concept of the Anderson loop 
was discussed previously in three arti- 
cles in NASA Tech Briefs', namely, “Con- 
stant-Current Loops for Resistance- 
Change Measurements” (ARC-11988), 
which appears elsewhere in this issue; 
“The Anderson Current Loop” (DRC- 
00001), Vol. 18, No. 12, (December 
1994), page 30; and “Patent Statement 
on the Anderson Current Loop” (ARC- 
13376), Vol. 20, No. 11 (November 
1996), p. 12a. To recapitulate: In the 
basic Anderson current loop, voltage 
drops in lead wires are excluded from 
measurement by use of the well-known 
Kelvin technique, in which a known 
current is supplied via two lead wires to 
a resistance to be determined, the volt- 
age across this resistance is coupled to 
a high-input-resistance voltmeter via 
two other lead wires, and the voltage 
drops in these voltage-measurement 
lead wires can be neglected because 
they carry negligible current by virtue 
of the high input resistance of the 
voltmeter. 

Here, a known constant current I is 
supplied to a strain gauge of resistance R 
+ A R (where R is an initial value and A R 
is a change caused by the combined 
effects of strain and temperature) . The 
strain-gauge resistance is connected in 
series with two thermocouple wires of 
resistance R^i and R^, respectively. 
These wires are both made of the same 
one of two thermocouple alloys and are 
of the same length, so that R,, = R, 2 - Two 
other wires (/<, s and R,f made of the 
other thermocouple alloy, are connect- 
ed to the terminals for measuring the 
voltage drop in the strain-gauge resis- 
tance. A reference resistor ( R,, = R) at a 


reference or ambient temperature is 
also connected in series with the strain- 
gauge resistance. 

The thermoelectric voltage of thermo- 
couple (/i,,,/^) is given by 

i>rci = Vn — fij; 

the thermoelectric voltage of thermo- 
couple (R, 2,7Ci) is given by 
Wrra = Pn — i*!2- 

The thermoelectric-output-voltage level 
of each thermocouple represents the 
temperature of its connection to the 
strain gauge. 

Straightforward algebraic manipula- 


tion of the equations that relate the ter- 
minal voltages I’, through v 4 with the 
voltage drops in the various resistances 
and with the thermoelectric voltages 
yields the following equations for the 
desired output voltages: 

Vrc= (v\~ ia)/2 and 
IAR = (t^ - v 4 ). 

As indicated in the figure, the termi- 
nal voltages through it, are coupled to 
Anderson subtractors comprised of buff- 
ered differential level shifting amplifiers 
wired to implement these equations. 
The subtractor outputs are then the out- 
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The 80-channel Model 7001 High Density Switch System 
from Keithley helps you automate multipoint testing with 
minimum signal degradation and maximum reliability. 

You can also choose from over 40 switching cards to 
meet your production test needs. 

The Model 7001 is only one way Keithley 
can help you achieve higher efficiencies and 
greater yields while ensuring your system's 
integrity. With more specialized switching 
products than any other manufacturer, Keithley 
has the right system for you. Whether you 
are measuring femtoamps to amps, nanovolts 
to kilovolts, or DC to 18GHz, Keithley switches offer you 
solutions to meet any production test system situation. 



Gotta need? 
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For complete product specifications, a free copy of our 
v Switching Handbook, or to talk with an Application 
Engineer, contact Keithley today at 1-800-552-1115. 
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Model 


7001 


7002 


707 


708 

• Density (2-pole) 


Up to 80 channels 


Up to 400 channels 

Up to 576 ch./matrix 


Up to 96 ch./matrix 

• Current range 


10fA- 5A 


10fA- 5A 


lOOfA- 2A 


lOOfA -2A 

• Voltage range 


30nV-1.3kV 


30nV-1.3kV 

5pV-1.3kV 


5pV - 1 ,3kV 

• Ohms range 


nfl - Tfl 


nfl - Tfl 


nfi -TO 


nfi -Tfl 

• Frequency range 


DC to 2CHz 


DC to 2GHz 

DC to 200MHz 


DC to 200MHz 

• Scanning speed 


Up to 225 ch./s 


Up to 400 ch7s 

200 setups/s 


200 setups/s 

• Card slots 


2 


10 


6 


1 

• Main display 


VFD 


VFD/LED 


LED 


LED 

• Memory locations 


100 


500 


100 


100 


For More Information Circle No. 589 



put thermoelectric voltage Vrc and resis- 
tance-change voltage IAR. 

This work was done by Karl F. Anderson of 
Analytical Services and Materials for 


Dryden Flight Research Center. For fur- 
ther information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 


Components and Circuits category, or circle 
no. 165 on the TSP Order Card in this issue 
to receive a copy by mail ($5 charge). 
DRC-96-10 


© Lightweight, Radiation-Resistant EMI Shields 

Effective shielding can be achieved at fractions of the weights of aluminum boxes. 

Lewis Research Center, Cleveland, Ohio 


Due to their low density and excep- 
tionally high strength and modulus, 
graphite fiber composites are being 
used increasingly for the fabrication of 
aircraft and spacecraft. Because of 
their superior mechanical properties, 
these composites have been replacing 
metals, such as aluminum alloys, in 
many applications. The replacement of 
metals has been slow, however, when 
high electrical conductivity is needed 
because of the relatively poor electrical 
conductivity (< 0.1 percent of metals) 
of composite materials. Designers have 
also shied away from graphite-polymer 
composites in applications where 
shielding from ionizing radiation is 
important, because of the poor perfor- 
mance of these composites. 


These shortcomings of graphite-fiber 
polymer composites can be addressed 
by intercalating the fibers before fabri- 
cating the composites. Intercalation is 
the insertion of guest atoms or mole- 
cules (intercalates) in between the car- 
bon layers of the fibers. If the interca- 
late is chosen carefully, the electrical 
conductivity of the composite can be 
increased nearly an order of magni- 
tude, and the specific radiation shield- 
ing can surpass low density metals. 

Two intercalates, bromine and 
iodine monobromide, have been 
shown to have the right combination of 
properties to make them commercially 
viable options. They combine the 
virtues of high electrical conductivity, 
high thermal conductivity, and good 


radiation shielding with excellent sta- 
bility and easy processibility. 

Bromine has been shown to interca- 
late a wide variety of pitch-based and 
vapor-grown graphite fibers. Most of 
the research has centered around 
Amoco’s Thornal fibers. Bromine has 
been shown to enhance the conductiv- 
ity of P-55, P-75, PO-100, P-120, and K- 
1100 fibers by a factor of three to six. 
The resulting material has an electrical 
conductivity surpassing that of stainless 
steel. Furthermore, these intercalation 
compounds are stable to temperature 
well above the processing temperature 
for most resins, and are impervious to 
moisture and ultra-high vacuum. 
Fabrication of composites from interca- 
lated fibers does not degrade their 
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properties, and composite properties 
can be predicted by using a simple 
rule-of-mixture. Although intercalation 
does not enhance either the mechani- 
cal properties or the thermal conduc- 
tivity of graphite fiber composites, nei- 
ther does it degrade them. The 
mechanical properties are virtually 
identical with those of pristine fibers, 
except that there is an enhancement in 
the interlaminar shear properties. The 
thermal conductivities of these fibers 
are among the highest of all materials, 
exceeding such metals as aluminum 
and copper. Also, because of the high 
thermal absorption and emissivity of 
graphite fibers, radiant heat is rejected 
much more efficiently from electrical 
components than when they are 
encased in highly reflective metals. The 
mass absorption coefficient for ioniz- 
ing radiation by composites made from 
intercalated fibers is enhanced by a fac- 
tor of four, to a value exceeding that 
of aluminum. 

Iodine monobromide has not been 
studied as extensively as bromine has as 
an intercalate for graphite fibers. 
Those studies that have been done 
reveal intercalation compounds nearly 
identical with those utilizing bromine. 
The exception is in the mass absorp- 
tion coefficient for ionizing radiation, 
which is nearly twice that of bromine 
intercalation compounds, and three 
times that of aluminum. The implica- 
tion is that iodine monobromide inter- 
calated fiber composites can provide 
radiation shielding equal to that of alu- 
minum with one-third the mass. 

The primary application envisioned 
for this technology is electromagnetic 
interference (EMI) shielding of elec- 
tronics. Calculations indicate that the 
shielding effectiveness of these com- 
posites, while not as high as that of alu- 
minum, is higher than the require- 
ments for many applications, and high- 
er than that of joints and penetrations 
through metallic boxes. Experimental 
studies confirm the high shielding 
effectiveness calculations. The surface 
conductivity, while not as high as that 
of metals, is high enough that no spe- 
cial surface treatments (sanding off the 
surface polymer layer, etc.) are 
required. These materials can be used 
effectively with conventional EMI 
shielding gasketing strategies. 

The total achievable mass savings 
depends on the particular require- 
ments of the shield. If the limiting fac- 
tor is shielding from high-energy radia- 
tion, a mass savings of 66 percent is 
achievable. If the limit is strength, 86 
percent of the mass can be saved. 
Finally, if the limit is stiffness (modu- 
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■ Digital data filtering and frequency analysis 

■ Leading-edge fatigue estimation 
capabilities 

■ Data visualization, validation and editing 

■ Seamless integration with Microsoft Office 

■ Easy-to-use Windows environment 


Call 1 -800-960-3273 or visit our website at 
http://www.somat.com to learn more about SoMat systems 



For more information contact SoMat at 217-3 28-5359; fax: 2 1 7-328-65 7 6; email: info@somat.com. 
In Europe contact SoMat Systems (UK), Ltd., +44(0)1582 730582, info-uk@somat.com. 
web: http://www.somat.com/ 

Copyright © 1998 SoMat Corporation. All Rights Reserved SoMat and EASE are registered trademarks of SoMat Corporation. 
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INTERCALATED GRAPHITE POLYMER COMPOSITES BUILT 
USING STANDARD LAMINAR TECHNIQUES 


Intercalated Graphite Polymer Composites are built using standard laminar techniques. 


lus), over 90 percent of the mass can be 
saved. The implications for such weight 
savings can be dramatic. In spacecraft, 
because the payload is a smaller portion 
of the spacecraft than the power and 
communications systems, the payload 
may be increased by as much as 40 per- 
cent. In communications satellites, the 
mass savings could be taken up in atti- 
tude-control fuel, extending the useful 
lifetime of the spacecraft. In some 
cases, it could enable the launch by 
smaller and cheaper launch vehicles. In 
aircraft, decreased weight would allow 
for fuel savings, which, when figured 
over the life of the aircraft, could be 
substantial. For consumer products, 
such as notebook computers and cellu- 
lar telephones, lower weight itself 
might be a significant selling point. 

This work was done by James R. Gaier 
of Lewis Research Center. For further 
information, access the Technical Support 
Package (TSP) free on-line at wimanasatech. 
com under the Electronic Components 
and Circuits category, or circle no. 124 
on the TSP Order Card in this issue to 


receive a copy by mail ($5 charge). 

Inquiries concerning rights for the com- 
mercial use of this invention should be 
addressed to NASA Lewis Research Center, 


Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW-16535. 


© Instrument Records Electric Fields Generated by Lightning 

This instrument complements another instrument that measures magnetic fields 
generated by lightning. 

John F. Kennedy Space Center, Florida 


A portable, self-contained, compact 
instrument measures and records tran- 
sient electric fields generated by nearby 
lightning strikes. This instrument com- 


plements, and in many respects is simi- 
lar to, the one described in “Instrument 
Records Magnetic Fields Generated by 
Lightning” (KSC-11769), NASA Tech 


Briefs, Vol. 19, No. 4 (April 1995), page 
38. Both instruments are designed to 
be placed near sensitive electronic 
equipment before thunderstorms 



Three Orthogonal Antennas sense the three orthogonal components of the rate of change of electric field; that is, F x , E y , and f 2 . These components and 
their time integrals (proportional to the electric field) are sampled and recorded for subsequent analysis. 
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begin. The data recorded by the instruments during thun- 
derstorms can be analyzed afterward to determine whether 
the electromagnetic fields associated with the lightning were 
strong enough that they might have damaged and/ or affect- 
ed the operation of the sensitive equipment. Thus, the instru- 
ments provide data that can be used in deciding whether the 
sensitive equipment should be tested for damage and/ or 
other effects caused by lightning. Typical installations in 
which the instruments could prove beneficial include out- 
door sensing equipment, computer rooms, broadcasting sta- 
tions, and powerplant-control rooms. 

The present instrument (see figure) includes three orthog- 
onal antennas on an electrically conductive sphere. Each 
antenna senses one of the three orthogonal components of the 
transient electric field. The current i(t) induced in each anten- 
na is proportional to the rate of change of the electric-field 
component E(t), and is given by 

i(t)=kAe ^ 
at 

where t is time, A is the area of the antenna, e is the permittiv- 
ity of air (very close to & h the permittivity of the vacuum), and 
k is a constant that expresses the concentration of the electric 
field in the vicinity of the antenna or a similar electrically con- 
ductive object. The spherical shape was chosen because k for a 
sphere is easily determined and is found to equal 3. 

In the instrument, the currents are measured to determine 
the rates of change of the components of the electric field. The 
current signals are also integrated to obtain signals propor- 
tional to the electric-field components. 

The instrument includes a microprocessor that controls its 
overall operation. It also includes an analog-to-digital convert- 
er and a sampling clock. Under control by the microprocessor, 
the analog-to-digital converter samples the waveform of one 
component of the electric field at a rate of 10 MHz for a dura- 
tion of 50 ps. (The reason for not sampling all three waveform 
components is simply that doing so would consume too much 
power.) Also under control by the microprocessor, the peak 
values of all three components of the electric field and their 
time derivatives are sampled and compared with specified 
threshold levels during intervals of 1 ms. The electric-field 
waveform sample values and their times are stored in a non- 
volatile random-access memory (NVRAM). The peak electric- 
field and derivative sample values that exceed the threshold 
levels, and their times, are also stored in the NVRAM. 

The stored values are subsequently read out by use of a 
portable computer. The instrument is powered by batteries 
and can operate unattended for as long as two weeks. The 
inclusion of the NVRAM prevents the loss of data in the event 
of a power failure. The batteries can be changed in the field, 
so that the instrument can remain in place and continue to 
measure the electric field without interruption. 

With their 10-MHz sampling rate, both this instrument and 
the previously reported magnetic-field instrument measure 
electromagnetic fields generated by lightning more accurately 
than do portable commercial magnetic-field meters. Lightning 
waveforms typically include frequencies up to tens of mega- 
hertz, while the commercial meters, which are designed to 
measure magnetic fields of high-voltage power lines, are usual- 
ly limited in frequency response to a few hundred hertz. 

This work was done by Pedro J. Medelius and Howard James 
Simpson formerly of I-Net for Kennedy Space Center. For further 
information, access the Technical Support Package (TSP) free on- 
line at www.nasatech.com under the Electronic Components and 
Circuits category, or circle no. 156 on the TSP Order Card in this 
issue to receive a copy by mail ($5 charge). 

KSC-11953 
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Precision thermostats 


Flexible heaters 


^Together we've got the world's 
broadest line of temperature sensing 
and control products. And. they're 
used everywhere — including some- 
pretty unlikely places. Places like 
outer space, where precision thermal 
assemblies monitor and control 
temperatures in satellites. Or. places 
like hospitals where flexible heater 
systems help to sterilize medical 
eguipment. 


You'll find our thermal sensors 
and controls in everything from 
microwave ovens to copy machines 
and mainframe computers. We're 
even in the armed forces, where 
our precision thermostats provide 
temperature and high-limit control 
in military aircraft. And can you 
fathom 20,000 leagues below the 
sea? We can — we re already there. 

So, where do you want to go? 
Callus at 1-800-ELMWO0D and 
we ll take you there. 
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Electronic Systems 


® Optoelectronic System Measures Tile Cavities 

Three-dimensional measurement of a cavity is accomplished in less than one second. 

John F. Kennedy Space Center, Florida 


A hand-held optoelectronic shop 
tool measures cavities of the order of 6 
in. (15 cm) in length and width, 2 to 4 
in. (5 to 10 cm) in depth, with nomi- 


nally flat side walls, and either curved 
or flat outer and inner surfaces. The 
system is called the Tile Cavity 
Measurement System (TCMS) because 


in the initial application for which it 
was developed, the cavities are those 
created by removal of space shuttle 
insulating tiles. In that application, the 


Outer 

Surface 


Video 

Camera 


TF 'w' If 
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Surface II / \ II 


OPTICAL LAYOUT 



Small Color 
Video Monitor 


Pistol-Grip 

Handle 



HAND-HELD TOOL IN USE 

Using a Hand-Held Shop Tool that contains a camera and a projector, the technician measures a tile cavity in less than 1 second. Previously, it was neces- 
sary to make and use a plaster model in a tedious, messy process that took as long as 30 hours and yielded marginal accuracy. 
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Use this digital, data retrieval device 
to access AMP samples, 
pricing and customer support. 

It’s so easy to work with AMP, the only helping hand you need is your own. Whether you’re 
with a company on the way up, or one that’s already there. 

Easy access to AMP begins at 1-800-524-6579-Extension 2067. It’s the source for 
product literature, ordering, pricing, tooling, contact information for the nearest distributor loca- 
tions, engineering help and drawings. Much of it, like our automated faxback service for specs and 
technical drawings, is available 24 hours a day. Our Product Information Specialists, 
available from 8 to 8 Eastern Time Monday through Friday, can answer your product questions 
and connect you with the sales and customer service people assigned to your company to make 
sure you get everything you need from AMP. 

On the Internet, our extensive electronic catalog is waiting for you at C0nn6Ct.dmp.C0m, 
with detailed engineering data on over 92,000 AMP interconnection products. 

It’s easy to access AMP with the device above. So easy, you might even give us a big hand. 


AMP Incorporated. For more information, contact our Product Information Center at 1-800-524-6579, Extension 2067. 


www.amp.com AMP and Connecting at a Higher level are trademarks. 



For More Information Circle No. 559 




data acquired by the system are used in 
computer-aided design (CAD) and in 
computer-aided manufacturing (CAM) 
of new tiles to fit in the cavities. The 
system can also be used to measure 
other cavities of similar size and shape. 

The hand-held optoelectronic shop 
tool (see figure) contains a white-light 
projector that illuminates the surfaces 
of the cavity with a pattern of stripes. 
Two high-resolution video cameras 
mounted on opposite sides of the pro- 
jector are aimed toward the sidewalls 


and inner surfaces of the cavity to facil- 
itate viewing the cavity sidewalls from 
different angles. The reason for using 
two cameras is simply that one camera 
would not suffice to view all cavity sur- 
faces. The combined field of view of 
the cameras is an area of about 10 in. 
(25 cm) square, which includes the 
side walls and inner surface of the cav- 
ity plus the surrounding outer-surface 
area. The projector and cameras are 
connected by a 30-ft (9-m) cable to a 
mobile workstation, which includes a 


computer, video display, and the con- 
trol and interface electronics. The pro- 
jector and cameras operate under con- 
trol by the computer, and the outputs 
of the cameras are digitized and sent to 
the computer for analysis. 

The projector and cameras are 
mounted on a rigid frame, which 
includes a shroud that keeps out back- 
ground light and also serves to stabilize 
the tool against the cavity outer surface 
during measurements. The hand-held 
unit is equipped with handles and a pis- 
tol grip for positioning and control. 
On the pistol-grip handle are menu- 
selection thumb buttons and a trigger 
switch to initiate the measurement. A 
small color video monitor attached to 
the pistol-grip handle displays menus, 
video images of the measurement 
scene, and data. 

The projector system includes a sole- 
noid-operated translation stage with a 
striped pattern mounted on it. In oper- 
ation, the video cameras acquire a set 
of four images of the pattern, each 
translated 1/4 of the stripe width. The 
entire measurement of a cavity takes 
less than 1 second. The shifted-stripe- 
pattern data are then processed by 
established phase-shifted-fringe-mea- 
surement techniques to obtain data 
from which the cavity surfaces are 
reconstructed in three dimensions. 
The data are stored and transferred 
to other computers in International 
Graphics Exchange Specification 
(IGES) format. The data can also 
be printed. 

This work was done by Edward D. Huber 
and Rick A. Williams of Lockheed Martin 
Missiles & Space Co. for Kennedy Space 
Center. No further documentation is 
available. 

Title to this invention, covered by U.S. 
Patent No. 5,561,526 has been waived 
under the provisions of the National 
Aeronautics and Space Act /42 U.S.C. 
2457 (f)l . Inquiries concerning licenses for 
its commercial development should be 
addressed to 
Edward D. Huber 
Lockheed Martin Missiles & 

Space Co., Inc. 

Dept. HI -5 2, Bldg. 202 
Advanced Technology Center 
3251 Hanover St. 

Palo Alto, CA 94304 
(650) 424-3308 

Refer to KSC-11727, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


Much More Than 
a Pretty Picture (Frame) 

Our competitors say, “Oh, Cardinal’s just a picture frame company!” Sure, we 
manufacture picture frames, but that’s just one of the many markets where we 
shine. Just take a look at this 6-hole, multi-hollow extrusion piece... 

Most extruders wouldn’t even quote the job . . . 

They claimed it was too difficult to economically manufacture due to its 
difficult shape, varying wall thicknesses, and extensive fabricating. 

. . . But Cardinal could, .and did it all! 

Extruding the complex profile was the easy part. What 
kills our competition is their tremendous cost in 
tooling and the numerous set-ups ... 

Fabricated in 10 minutes! 

Our fully automated, multi-functional 
fabricating equipment allowed us 
to completely fabricate this 
component in one work 
cell in less than ten 

minutes! THE BIG FINISH 

Next we applied our 
standard decorative etch 
black anodize — one of over 20 
anodizing colors available. We also 
offer over 60 stock powder coat finishes, 
five 2-step architectural hard coats, plus any 
custom match — all with the surface finish of 
your choice. And with our Image Graphics, your 
extrusions can look like any material! 

All THIS FROM A SINGLE SOURCE ... 
Extruding, fabricating, finishing — oh yea, and picture frames— 
it’s all here at Cardinal, your single source for high-tech 
aluminum extrusions since 1946. Give us a call today. 

1-800-EXTRUDE 
Cardinal Aluminum Co. 

6910 Preston Hwy. • P. 0. Box 19987 • Louisville, KY • 40219-0987 

1-800-EXTRUDE • Fax: (800) 969-6910 
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loth-in Amplifiers 



Digital Signal Processing has revolutionized the world of synchronous detection, offering significant 
performance advantages over conventional techniques. Now this dramatic performance is available in 
two new instruments - the SR610 Single Phase and SR63 0 Dual Phase DSP Lock-In Amplifiers. These 
instruments use the same DSP technology as the flagship SR8>50 Lock-In Amplifier, letting you 
measure signals with greater accuracy, higher stability and less noise-at prices you expect from SRS. 

The SRB1 0 and SRS3 0 have the specifications you need - 

• 1 mHz to 102 kHz frequency range 

• >100 dB of drift free dynamic reserve (without pre-filtering) 

• Output time constants from 10 ps to 30,000 s (6, 12, 16, 24 dB/oct rolloff) 

• Low distortion (-80 dBc) synthesized source 

The features you want - 

• Auto-gain, auto-phase, auto-reserve 

• Harmonic detection (2F, 3F, ... nF) 

• Four 16-bit DACs, Four 16-bit ADCs 

• RS-232 and GPIB computer interfaces 

At prices you’ll appreciate - 

• SR610 Single Phase DSP Lock-In Amplifier 

• SRB30 Dual Phase DSP Lock-In Amplifier.. 


$3650 

$3950 


fSRSj 


Only SRS has it. 

Other SRS Lock-In Models: 


SRB50 Dual Phase DSP 

$7500 

STANFORD RESEARCH SYSTEMS 

SR530 Dual Phase Analog.. 

$2995 

1290 V Reamwood Avenue, Sunnyvale, CA 94069 
TEL (406)744-9040 • FAX (406)744-9049 

SR510 Single Phase Analog. 

$2495 


Web Site: http://www.srsys.com • E-mail info@srsys.com 
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Estimating Attitude From GPS Measurements on One Antenna 

The antenna boresight direction can be estimated to within approximately ±15°. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A technique for estimating the bore- 
sight direction of a Global Positioning 
System (GPS) receiver antenna in- 
volves utilization of the relationship 
between the strengths of received sig- 
nals and the direction-dependent 
antenna gain pattern. The technique 


is fundamentally different from, and 
much less precise than, other attitude- 
determination techniques based on 
interferometry with multiple anten- 
nas. The major advantage of this tech- 
nique is that it quickly gives a coarse 
estimate, using data from only one 


TO CONVERT REAL-TIME COMPUTER 



GRAPHICS TO VIDEO... 


...and get the best possible image, you 
will need the Model 9400JR or Model 
9700XL from Folsom Research. 


1280x1024 I 
Computer I 
Display 


CCIR-601 (Dl) 
NTSC/PAL Monitor 


You’re looking at the two best video scan converters available 
anywhere. Both can automatically lock to interlaced or noninterlaced 
video sources and turn your high-resolution workstation, PC, or Mac 
displays into broadcast-quality video. At $5,900, the Model 9400JR 
provides excellent picture quality at an affordable price. The 9700XL 
provides extremely high-quality output images, an advanced feature set 
(including dynamic pan and zoom), and flexible control over all 
aspects of the scan conversion process. Now the proof! Call us for a 
free demonstration and see for yourself. 
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Folsom 

RESEARCH 

1 1 101 A Trade Center Drive 
Rancho Cordova CA 95670 
Tel 916.859.2500 
Fax 916.859.2515 
email: sales@folsom. com 
http://wunvfolsom.com 


antenna. The coarse estimate is not 
suitable for fine-attitude applications 
like aiming a telescope or a laser 
beam, but it can be used, for example, 
to guide the orientation of a broad- 
beam communication antenna, to aim 
a solar panel, or to initialize a fine atti- 
tude-determination algorithm or in- 
strument. 

The technique is most easily prac- 
ticed in the case of an antenna with a 
broad radiation pattern in which the 
gain decreases monotonically with 
increasing angle off boresight. The 
GPS receiver used in this technique 
must be one that generates data on the 
signal-to-noise ratio (SNR) of the sig- 
nal received from each GPS satellite 
that it tracks. Once the GPS receiver 
has computed its position from the 
received GPS signals, the direction to 
each tracked GPS satellite is known as 
a byproduct. 

The SNR of the signal received from 
each tracked GPS satellite is taken as a 
crude measure of the relative strength 
of the signal and, as such, is used as a 
weighting value to obtain a vector sum: 
The unit vector in the known direction 
to each tracked satellite is multiplied 
by the SNR for that satellite. The sum 
of such scalar-vector products for all 
the tracked satellites is a vector, the 
direction of which is taken to be the 
estimated antenna boresight direction. 
The length of the vector also consti- 
tutes ancillary information about the 
geometric properties of the constella- 
tion of tracked GPS satellites. 

If only one GPS satellite is being 
tracked, then the estimated boresight 
points directly at that satellite; such an 
estimate is usually erroneous, but it 
could be helpful in finding other satel- 
lites to track and thus obtain a better 
estimate. When six to eight GPS satel- 
lites are being tracked, the estimated 
boresight differs from the actual bore- 
sight by no more than about 15°. 

This work was done by Charles Dunn 
and Courtney Duncan of Caltech for 
NASA’s Jet Propulsion Laboratory. 
For further information, access the Tech- 
nical Support Package (TSP) free on-line 
at www.nasatech.com under the Electronic 
Systems category, or circle no. 107 on the 
TSP Order Card in this issue to receive a 
copy by mail ($5 charge ). 

NPO-20323 
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Our data recorder interface sqfhvarc for 
Windows 95* and WindowsNT enables high 
speed digital data transfer from our 200 <£ 1000 
Series data recorders, pc forms various control 
junctions andfeatures quick, easy operation. 


WHEN IT COMES TO 

CRITICAL. RECORDING, 

WE’RE INSTRUMENTAL.. 



Quality is easy to detect. And no company provides a higher caliber of digital 
instruments than Sony. Reliable. Field-proven. And 
loaded with features that meet your needs for any type 
of on-site data acquisition. Our lightweight, easily 
portable data recorders use progressive technology such 
as Advanced Intelligent Tape (AIT) , the new standard for high speed, large capacity 
digital data storage. But that's not surprising, considering our record for pioneering 
DAT technology. Sony data recorders. Call us today and learn how you can take 
data acquisition to dramatically new levels. 



Sony Precision Technology America, Inc., 137 West Bristol Lane, Orange, CA 92865-2605 

tel. 714.921.0630 fax. 714.921.1162 


SONY 













Software 



^ Application Specific 

Integrated Circuit Physical 
Layout for the RSDL ASIC 

An integrated circuit physical layout 
has been developed for the RSDL ASIC 
— an integrated circuit that encodes 
telemetry data and transfers the data 
(which are grouped together in trans- 
fer frames) to a radio transmitter. The 
RSDL ASIC is described in “ASIC for 
Reed-Solomon Coding and Related 
Functions” (NPO-19614), which ap- 
pears elsewhere in this issue of NASA 
Tech Briefs. The present physical layout 
will be converted to mask for IC fabri- 
cation of the RSDL ASIC. The physical 
layout has been extensively simulated 
for its timing, control, bus-arbitration, 
encoding, and data-transfer functions, 
which have been summarized in the 
noted prior article. 


This work was done by James A. 
Donaldson, Steven H. Wood, and Huy H. 
Luong of Caltech for NASA’s Jet Propul- 
sion Laboratory. For further information, 
access the Technical Support Package (TSP) 
free on-line at www.nasatech.com under 
the Electronic Systems category, or circle no. 
115 on the TSP Order Card in this issue to 
receive a copy by mail ($5 charge). 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be addressed to 
Technology Reporting Office 

JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-19626, volume and num- 
ber of this NASA Tech Briefs issue, and 
the page number. 


COSMIC, NASA’s Software Tech- 
nology Transfer Center, has an invento- 
ry of over 800 software packages that 
originally were developed by NASA and 
its contractors for the U.S. space pro- 
gram. These packages have a wide 
range of applications other than space 
exploration and are used by industry, 
academic institutions, and other gov- 
ernment agencies. 

For further information about soft- 
ware available from COSMIC, or to 
receive a free diskette catalog, contact 
COSMIC at: 

COSMIC 

The University of Georgia 
382 East Broad Street 
Athens, GA 306024272 
Phone: 706-542-3265/ 

Fax: 706-5424807 
e-mail: service@cosmic.uga.edu 
WWW: http://www.cosmic.uga.edu 


Vacuum Connectivity 

Building-Blocks for Vacuum Science and Technology 



Complete air-to-vacuum instrumentation 
connectivity 

MDC offers a complete solution to the 
problem of ultra-high vacuum, low 
voltage, multipin instrumentation 
connectivity. Expanding on the 
popular Type-D subminiature 
connector standard, we are pleased 
to offer a new range of UHV 


feedthroughs with 9, 15 or 25 pins 
hermetically sealed and electrically 
insulated using the latest in glass- 
ceramic bonding technology. 

MDC provides a complete 
connectivity solution. Complete air- 
side Type-D connectors are included 
with each hermetic feedthrough 
assembly. For in-vacuum connections 
we have developed a unique 
combination of in-vacuum ribbon 
cables and Type-D connectors, 
constructed to meet the rigorous 
demand of UHV environments. 

For additional information on 
this product or MDC’s full range 
of vacuum components, 
call 1-800-443-8817. 




VACUUM PRODUCTS CORPORATION 

/ 23842 Cabot Boulevard, 

' Hayward, CA 94545-1661 
Phone:510-265-3500 
Fax: 510-887-0626 
www.mdc-vacuum.com 
e-mail: sales@mdc-vacuum.com 
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AS / 


things you can do with 

that you can't do with regular linear stress analysis 


■Out of plane bending - Use nonlinear 
lanalysis to determine whether this plate 
Iwill foreshorten and fall out of its support. 
I Linear cannot predict geometry changes 
r tc 


•perpendicular to a load. 


■ Linear 


I Nonlinear 


Y 


Permanent deformation - Algor’s 


nonlinear analysis can predict the 
permanent deformation when the 
predicted stress exceeds the yield 
thi 


stress. Linear analysis can’t do this. 



- Basic motion, such as 
the trajectory of this rotating football 
is easily done using Algor’s nonlinear 
analysis. Linear analysis cannot pre 
diet motion. 


Squashing - Squashing this rubt 
lall in a vise using linear analy: 


— in a vise using linear analyi 
cannot predict the final shape like tl 
nonlinear analysis. 


■Stress concentration - Linear stress 
lanalysis will misrepresent both the 
Istress and the deformation of this 


|hanger due to minute changes in the 
let: 


■fillet. Nonlinear analysis gets it right. 


|4-bar link - Linear dynamic analysis 
■cannot predict the forces and stress- 
es due to periodic loading. 
■Accupak/VE simulates the loading 
|and stresses in one analysis. 


Local buckling - When failure is due 


to local buckling, the geometry fails at 
stresses much, much lower than the 


Snap-through - Any time you have a 
snap-through effect, your part is in 


r ield stress. Linear 
local buckling. 


cannot detect 


motion until it stops on the other side. 
You need nonlinear analysis to predict 
this effect. 




3-D mechanism - When a moving 
object is a 3-D mechanism, high iner- 
tia forces can occur. You need 
Accupak/VE to predict the stresses 
caused by motion. 



Impact - Nonlinear dynamic respon 
predicts the stress in an object wher 
goes into motion as a result of impact 
another object. Linear analysis canr 
analyze for impact and motion. 



Contact impact - Kinematic motion and 
the stresses due to the shock of impact 
cannot be predicted by either linear stress 
analysis or kinematics analysis software. 
AccupakA/E does it in one shot.. 


Elastic large deformation - Nonline 
analysis predicts the stressed geome 
when the deformation is signifies 
even if the material properties remt 
linear. Linear analysis fails at this. 


Nonlinear Dynamic Analysis for Virtual Engineering that's: 


1. As EASY as Linear Static Stress Analysis 

2. At Linear Stress Pricing Levels 
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$ Reducing CTE Mismatch Between Coatings and 
Si-Based Ceramics 

Coating compositions would be altered and/or intermediate coats would be used. 

Lewis Research Center, Cleveland, Ohio 


Two techniques have been proposed 
to reduce thermal-expansion mismatch- 
es between (a) substrates made of sili- 
con, silicon-based ceramics, and silicon- 
based-ceramic composite materials and 
(b) surface coats that protect the sub- 
strates against chemical attack in oxi- 
dizing and/or corrosive environments. 
Typical substrate materials include SiC/ 
Si composites. A typical coating material 
is mullite (Al 6 Si 2 Oi 3 ), which can protect 
silicon-based substrates against water-free 
oxidizing and corrosive environments. 
Mullite can also be applied as intermedi- 
ate coating layers to relax stresses and 
enhance the adhesion of overlying pro- 
tective layers of zirconia (Zr0 2 ) or non- 
stoichiometric anorthite (stoichiometric 
composition CaAl 2 Si 2 0 8 ). The coeffi- 
cients of thermal expansion (CTEs) of 
mullite and of some other typical oxide 
coating materials are greater than the 
CTEs of silicon-based substrates and, as 
a result, the coatings tend to crack 
through their thicknesses. The cracks 
become pathways for the entry of the 
chemical species from which one seeks 
to protect the substrates. 

In one proposed technique, one or 
more lower-CTE phase (s) would be 
incorporated into a mullite coating to 
reduce the CTE of the coating for a 
better CTE match with the substrate. 
Suitable lower-CTE compounds include 
cordierite (2Mg0.2Al 2 0 3 .5Si0 2 ) and 
fused silica (see Figure 1). Mullite, 
cordierite, and fused silica would be 
chemically compatible with the substrate, 
with each other, and with typical other 
oxide coating materials. A composite 
coating of mullite with cordierite and/or 
fused silica could be applied by plasma 
spraying or by a wet chemical process. 

The CTE of a polycrystalline material 
like a mullite/cordierite/fused silica 
composite can be approximated by a 
rule of mixtures: a, ~ Za,V„ where a f is 
the CTE of the composite, a, is the CTE 
of the tth constituent, and V, is the vol- 
ume fraction of the zth constituent. 
Initially, the proportions of cordierite 
and/or fused silica could be chosen to 


obtain a desired value of a c according 
to this rule. However, because of the 
complexity of the phase composition of 
the mullite/cordierite/fused silica sys- 
tem, a process of trial and error would 
likely be necessary to establish the opti- 
mum composition. 


In the second proposed technique, 
zircon (ZrSi0 4 ) would be applied as an 
intermediate layer between a substrate 
and an overlying protective coating. 
Optionally, if a dense, crack-free zircon 
coating could be produced, then it could 
be used, instead of mullite, as a protec- 



400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 

Temperature, Kelvins 


Figure 1 . Mismatches Between Thermal Expansions of mullite and of Si and SiC are large enough 
to cause cracking of mullite coatings on Si-based substrates. Thermal-expansion mismatch can be 
reduced by incorporating the lower-thermal-expansion material(s) cordierite and/or fused silica into 
a mullite coating. 
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Figure 2. The Thermal Expansion of Zircon matches the thermal expansions of Si and SiC more close- 
ly than does the thermal expansion of mullite. 


tive coating, provided that there is no 
water vapor in die environment. In com- 
parison with mullite, zircon has a CTE 
closer to the CTEs of the typical substrate 
constituents SiC and Si. If resistance to 
water is needed, then a protective coating 
of zirconia (Zr0 2 ) or of various silicates 
could be applied over the zircon layer. 
Zircon would be chemically compatible 
with both the protective coating and the 


thin layer of SiCL that typically forms on 
the surface of an Si-based substrate. 

Like a mullite/cordierite/fused silica 
composite coating, a zircon coating 
could be applied by plasma spraying or 
by a wet chemical process. Plasma spray- 
ing could be complicated by the fact that 
zircon melts and freezes incongruently, 
forming cubic zirconia first upon cool- 
ing from the liquid phase. It might be 


necessary to add Y 2 0 3 or CaO to the 
starting composition to stabilize the 
cubic phase and prevent volumetric 
changes while allowing the conversion 
to zircon to take place. Post-spray an- 
nealing might be necessary to help the 
zircon coating reach equilibrium and 
enhance its stability. 

The CTE of zircon is slighdy less than 
that of SiC, though greater than that of 
Si (see Figure 2). In the case of zircon 
plasma-sprayed on SiC, the slight differ- 
ence between the CTEs results in a small 
compressive stress in the zircon. Inas- 
much as the compressive strength of zir- 
con exceeds its tensile strength, this 
small compressive stress coidd be advan- 
tageous in that it might offset small 
residual local tensile stresses and there- 
by help to prevent cracking. As in the 
first technique, one could incorporate 
lower-thermal-expansion phases like 
cordierite and/or fused silica to obtain a 
lower overall CTE; for example, to 
obtain a greater compressive stress in a 
coating on an SiC substrate or to obtain 
a closer CTE match with an Si substrate. 

This work was done by Hongyu Wang 
of General Electric Co. for Lewis Research 
Center. For further information, access the 
Technical Support Package (TSP) free on-line 
at imvw.nasatech.com under the Materials 
category, or circle no. 103 on the TSP Order 
Card in this issue to receive a copy by mail 
($5 charge). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Lewis Research Center, Commercial 
Technology Office, Attn: Tech Brief Patent 
Status, Mail Stop 7-3, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-16393. 


ft Single Crystal 
Nickel-Base 
Superalloy 

Modified turbine-blade 
alloy resists fatigue and 
crack growth. 

Marshall Space Flight Center, 
Alabama 

A modified alloy, known as Modified 
PWA1484, is a single-crystal nickel-base 
superalloy, developed under a NASA 
Marshall Space Flight Center contract 
for use as a turbine blade and vane alloy 
for the space-shuttle main engine 
(SSME). This alloy is a modified PWA 
1484 composition that uses innovative 
thermal-process techniques to generate a 
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microstructure specifically tai- 
lored for SSME application. 
The superalloy exhibits sig- 
nificantly better fatigue and 
crack-growth resistance than 
previous turbine-blade alloys 
(such as PWA1480), particu- 
larly under severe hydrogen- 
embriuling conditions. 

When compared to the 
conventional alloy PWA1480, 
Modified PWA1484 had a 
high cycle fatigue life that 
is 100 times greater than 
PWA1480. Fatigue strength 
for the new single-crystal 
nickel-base superalloy was 
approximately 30 ksi (207 
MPa) higher than the previ- 
ous turbine-blade material. 

In other tests, the smooth 
low cycle fatigue life for 
PWA1480 was compared to 
the Modified PWA1484. Fa- 
tigue life for the superalloy 
was more than an order of 
magnitude greater than 
PWA1480. 

Additionally, this single- 
crystal nickel-base superal- 
loy was compared against 
PWA1480 in notched low 



Modified PWA1484 has significantly better fatigue resistance in the criti- 
cal near-threshold region of the fatigue-crack-growth curve than conven- 
tionally used material. 


cycle fatigue. Modified PWA 
1484 proved to be 3 to 10 times 
greater than PWA1480 in 
notched low cycle fatigue. 

When tested for fracture 
resistance, the Modified PWA 
1 484 was significantly better 
in the critical near-threshold 
region of the fatigue-crack- 
growth curve than PWA1480. 
(The results of this test can be 
seen in the illustration.) 

These comparisons show 
that alloys, such as this single- 
crystal nickel-base superalloys, 
will provide better turbine 
blades and vanes for space- 
shuttle components, such as 
high-pressure fuel and oxidizer 
turbopumps. 

This work was done by Daniel P. 
DeLuca, Charles M. Biondo, and 
Barrie J. Peters of United Tech- 
nologies Pratt Of Whitney for 
Marshall Space Flight Center. 
For further information, access the 
Technical Support Package (TSP) 
free on-line at www.nasatech.com 
under the Materials category, or 
circle no. 153 on the TSP Order 
Card in this issue to receive a copy 
by mail ($5 charge). MFS-31203 
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Mechanics 


©Automated PreLaunch Loads Estimation (APLLE) 

A computer program quickly and accurately calculates prelaunch ground-wind loads for 
different launch-vehicle configurations. 

Marshall Space Flight Center, Alabama 

Over the past year, the Structural 
Dynamics and Loads Branch of 
Marshall Space Flight Center has been 
calculating prelaunch ground winds for 
several different launch-vehicle configu- 
rations. Engineers developed a comput- 
er programming system to streamline 
the analysis cycle. 

This documented procedure, known 
as Automated PreLaunch Loads 
Estimation (APLLE), uses a spread- 
sheet, word processor, and FORTRAN 
computer programs to provide quick 
and accurate load estimations. APLLE 
can easily be adapted for structures 
other than launch vehicles. 

APLLE combines the input of struc- 
ture geometry (width and height), a ref- 



Vwind at x Points 
Drag at x Points 



The Automated PreLaunch Loads Estimation (APLLE) procedure provides quick and accurate load estimations for a variety of structures. 


erence peak-wind value, a reference alti- 
tude and density, and an estimated 
drag-coefficient value based upon the 
shape of the structure. With these 
inputs, APLLE calculates a concentrat- 
ed load, cumulative shear, and bending- 
moment values for a set of discrete 
points. The spreadsheet macro provides 
rapid diagrams of shear and moment. 
Additionally, pressures are extrapolated 
from the concentrated loads to form a 
pressure field that can be applied to a 
finite-element code. 

For a free-standing structure, wind 
loading is the only forcing function 
other than gravity acting on the vehicle. 
Calculation of these wind loads assumes 
the wind load acts as a steady-state load. 


Wind loading is divided into two 
parts: the drag load and the vortex- 
shedding load. The drag load is 
assumed to act parallel to the wind vec- 
tor, and the vortex shedding acts nor- 
mal to the wind vector. An uncertainty 
factor of 1.5 is applied to the wind 
loads to account for vortex shedding 
and gusts. 

This work was done by Samuel B. Fowler 
and Joseph Brunty of the Marshall Space 
Flight Center. For further information, 
access the Technical Support Package (TSP) 
free on-line at www.nasatech.com under the 
Mechanics category, or circle no. 1 92 on the 
TSP Order Card in this issue to receive a copy 
by mail ($5 charge). 

MFS-31149 
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5 The Modified Fully Utilized Design Method 

Solutions are comparable to those obtained by nonlinear optimization techniques. 

Lewis Research Center, Cleveland, Ohio 


The modified fully utilized design 
(MFUD) method is undergoing devel- 
opment for use by engineers who favor 
traditional methods of designing struc- 
tures over methods based on advanced 
calculus and nonlinear mathematical 
programming techniques. Thus far, the 
MFUD has been developed for trusses, 
with cross-sectional areas of truss mem- 
bers as design variables. Like nonlinear 
optimization methods, the MFUD 
method is iterative, but in comparison 
with those methods, the MFUD method 
involves less and simpler computation. 

The MFUD method is derived from 
the fully stressed design (FSD) and 
fully utilized design (FUD) methods. 
The FSD method, based on a simple 
stress-ratio approach, is popular in 
civil, mechanical, and aerospace engi- 
neering. The FSD method is an elegant 
conceptual tool for arriving at stress- 
limited designs, but does not provide 
for displacement constraints, which are 
imposed with increasing frequency in 
designing modern structures. 


An extension of the FSD method 
through provision for displacement 
constraints in addition to stress con- 
straints yields the FUD method. The 
term “fully utilized design” signifies a 
design in which the number of active 
constraints equals or exceeds the num- 
ber of design variables. One obtains 
the FUD of a structure by the following 
procedure: 

1. Using the stress constraints only, 
generate the FSD. 

2. Uniformly prorate the FSD to obtain 
the FUD, using a constant proration 
factor that satisfies the single most 
infeasible displacement constraint. 
For a truss structure, this entails mul- 
tiplying the cross-sectional areas of 
all truss members by the same factor 
to strengthen all the members 
enough to limit the displacement, as 
required. 

The FUD thus obtained is feasible but 
can be an overdesign; the weight of the 
FUD structure can be greater than that 
of an optimally designed structure. 


The MFUD method accommodates 
both stress and displacement con- 
straints simultaneously. The steps of 
this method applied to a simple truss 
structure are the following: 

1. Identify the design variables to initi- 
ate iterations. Optionally, one can 
begin iterations from the FSD. For 
subsequent iterations, the stress con- 
straints are expressed in terms of 
cross-sectional areas, given by 

A, = (O max/ fTjO, 

where Ai is the area in question for 
the ith member, (_F,) max is the maxi- 
mum force in tth member under all 
loading conditions, and o, 0 is the 
maximum allowable stress in the ith 
member. 

2. Identify the displacement con- 
straints violated by the design 
obtained in step 1. 

3. For each displacement constraint 
identified in step 2, update the 
design independently to satisfy the 
constraint. The update process com- 
prises two subprocesses: (1) identifi- 
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FIVE-BAR TRUSS 


Results 

MFUD 

FUD 

SUMT 

OC 

Optimum Weight, lb 

44.817 

62.228 

45.029 

45.016 

Member Area, In. 2 : 





A 1 

0.001 

1.068 

0.001 

0.001 

a 2 

1.475 

1.068 

1.501 

1.499 

a 3 

0.001 

1.068 

0.001 

0.001 

a 4 

2.124 

1.068 

2.119 

2.120 

A 5 

0.001 

1.068 

0.001 

0.001 


DESIGN RESULTS 


A Five-Bar Truss subject to one load and one displacement constraint was designed by the MFUD and 
FUD methods and by two optimization methods called "SUMT" and "OC." In this case, the FUD 
design was about 39 percent too heavy, while the MFUD design was even lighter in weight (more 
nearly optimum) than were the SUMT and OC designs. 


cation of a subset of design variables 
pertinent to that constraint and (2) 
computation, for each member, of a 
member-weighted parameter, which 
is a multiplicative parameter based 
partly on the sensitivity of the con- 
straint-violating displacement to the 
cross-sectional area of the member. 
The member-weighted parameter 
supplants the constant proration 
parameter of the FUD method. The 
equations used in these subprocesses 
are derived from the integrated 
force method, which was described 
in “Constructing Finite Elements for 
the Integrated Force Method” (LEW- 
16421), NASA Tech Briefs, Yo\. 21, No. 
7 (July 1997), page 70. 

4. Obtain the design update for the struc- 
ture as the union of all of the designs 
updated for the constraints in step 3. If 
any member is affected by more than 
one of the constraint-updated designs 
in the union process, the cross-section- 
al area selected for that member 
should be the maximum one. 

5. Repeat steps 1 through 4 until the 
design converges. The converged 
design will satisfy both stress and dis- 
placement constraints. 


Despite its relative simplicity, and 
even though it does not incorporate an 
explicit minimum-weight condition, 
the MFUD method can yield solutions 
comparable to those obtained by non- 
linear optimization techniques (for 
example, see figure). Even if one still 
prefers a full optimization, the MFUD 
method could be used to generate ini- 
tial designs for subsequent optimiza- 
tion iterations, thereby alleviating 
some of the computational burden of 
optimization. 

This work was done by Laszlo Berke and 
Dale Hopkins of Lewis Research Center, 
Surya Patnaik of Ohio Aerospace Institute, 
and Atef Gendy of the National Research 
Council. For further information, access the 
Technical Support Package (TSP) free on- 
line at www.nasatech.com under the 
Mechanics category, or circle no. 109 on the 
TSP Order Card in this issue to receive a 
copy by mail ($5 charge). 

Inquiries concerning rights for the com- 
mercial use of this invention should be 
addressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW-16624. 
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Hewlett-Packard, Spiricon, New Wave 
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acquire Philips Optoelectronics B. V.; Roper 
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PHOTONICS 


Cover Photo courtesy Renishaw Inc., 
Schaumburg, IL. See page 8a. 
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in visible lasers from ^rmsm mwmR 



■ High Brightness 

■ Fully Air-Cooled 
Bugged Construction 

■ Reliable, Long-Life 
All Solid-State Design 

■ Low Power Consumption - 
Less than 100 watts 
Electrical Input 


Green (532 nm ) - 2.5 watts 
Blue (457 nm) - 0.4 watts 

and available soon: 

Red (656 nm) - 0.8 watts 



For more information contact: 
Laser Power Microlasers 
12777 High Bluff Drive 
San Diego, CA 92130 
Tel: (619) 755-0700 
Fax: (619) 259-9093 


Or visit our web site at 
www.laserpower.com 
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COHERENT-EALING 

The New Leader In 
Quality Optics, 
Opto-Mechanics, Lasers, and 
Photonic Instruments 
Worldwide 




Red Diode Lasers 
And Structured Light 

• Compact and cost effective 

• Elliptical, circular, line and 
structured light beam patterns 

• Universal power supply and 
variable angle module mounts 


e 


COHEREHT 

BUBURiT GROUP 

Coherent- Ealing Catalog 

US: (800) 343-4912 
UK: 0800 515801 
+44 (0) 1923 242261 
Germany: +49 6071 968 302 
France: +33-1-60 19 40 40 
www.catalog.cohr.com 


NEWS BRIEFS 

Notes from Industry and 
the Federal Laboratories 

At a ceremony in San Francisco dur- 
ing the Conference on Lasers and 
Electro-Optics (CLEO) in May, the 
award for Photonics Tech Briefs' 1997 
Product of the Year was presented to 
VLSI Vision Limited of Edinburgh, 
Scotland, and San Jose, CA, for the 
W6405 single-chip NTSC color camera. 
Using VLSI’s complementary metal- 
oxide semiconductor (CMOS) technolo- 
gy, the device delivers color video with 
just a single external crystal and single- 
rail 5-V power supply. It combines on a 
single standard CMOS chip a quarter- 
inch ColorMOS 1 " photoplane, video tim- 
ing controller, 8-bit A/D video convert- 
er, 300-MIPS color DSP engine, 5 video 
line memories, auto exposure control 
and color balance, and NTSC composite 
video encoder. The chip draws about 
100 mA at 5 V, which VLSI says puts its 
power consumption at about 20 to 30 
percent of that of CCDs. 

VLSI Vision offers a wide selection of 
standard CMOS imaging products from 
core silicon to complete cased cameras 
with software drivers. Products range 
from low-resolution monochrome cam- 
eras for applications in markets such 
as toys and security, to high-resolution 
color sensors designed for the digital 
still camera market. 

Each of the contending products had 
been a Product of the Month in 1997, 
chosen by Photonics Tech Briefs' editors for 
outstanding technical merit and practi- 
cal value to the magazine’s engineering 
and management readers. They were: 
the Hewlett-Packard LSC2500 distrib- 
uted feedback laser diode; die Spiricon 
LBA-300PC laser beam analyzer; the New 
Wave Research EzLaze’” laser microma- 
chining system; and the Lambda Physik 
NovaLine 100 excimer laser. 

Uniphase Corp. of San Jose, CA, 
announced in April that it had signed 
a letter of intent with Royal Philips 
Electronics of the Netherlands, to 
acquire Philips Optoelectronics B.V. of 
Eindhoven in that country. Philips Opto- 
electronics manufactures semiconduc- 
tor laser products for telecommunica- 
tions, CATV, multimedia, and other 
markets, including products used in 
dense wavelength division multiplexing. 
With approximately 300 employees, 
the unit will continue to operate in 
Eindhoven. In addition, a new 60,000- 
sq.-ft. semiconductor fabrication facility 
under construction in Eindhoven would 
be leased to Uniphase. The tangible 


and intangible assets of Philips Opto- 
electronics, including approximately 70 
U.S. and European patents, are included 
in the transaction. 

Uniphase currently provides the 
majority of the world’s volume of 980- 
nm semiconductor laser pumps and 
lithium niobate modulators, and the 
company is establishing production of 
fiber Bragg gratings. The Philips Opto- 
electronics portfolio includes 1550-nm, 
1310-nm, and 1480-nm lasers, electro- 
absorption modulators, semiconductor 
optical amplifiers, and receivers. Com- 
bining the products of the two, Uni- 
phase will be able to provide all of the 
component categories required by high- 
capacity fiber optic networks. 

Uniphase Corp. is located at 163 
Baypointe Pkwy., San Jose, CA 95134; 
(408) 434-1800; (800) 644-8674; fax: 
(408) 433-3838. 

Photometries Ltd. of Tucson, AZ, and 
Roper Industries Inc. of Bogart, GA, 
have signed a definitive purchase agree- 
ment whereby Roper will acquire Photo- 
metries’ outstanding stock. With approx- 
imately 2000 employees, Roper is an 
international manufacturer of fluid-han- 
dling, industrial control, and analytical 
instrumentation products. Photomeuics, 
a manufacturer of scientific digital imag- 
ing equipment, joins Roper’s analytical 
instrumentation products group, which 
includes Gatan, Princeton Instruments, 
Acton Research Corp., USON, and ISL. 

Photometries is located at 3440 East 
Britannia Drive, Tucson, AZ 85706; 
(520) 889-3933; fax: (520) 573-1944. 

GE Plastics has opened a new Optical 
Media Development Center (OMDC) 
in its Pittsfield, MA, Plastics Polymer 
Processing Development Center. At the 
OMDC, GE’s customers can participate 
in the development of manufacturing 
technologies that are expected to 
enhance productivity and bring new for- 
mats to market faster. According to John 
O’Sullivan, OMDC’s program leader, 
“We expect the OMDC to help our cus- 
tomers become more productive in their 
use of ultra-clean LEXAN* resins, and 
help them meet the requirements of 
new optical media formats, such as mag- 
neto-optical, DVDs, and CD-R.” 

The OMDC houses the latest optical 
media manufacturing equipment to sim- 
ulate the environment of GE Plastics’ 
customers. Companies participating in- 
clude Steag Hamatech GmbH, Sumi- 
tomo Heavy Industries Ltd., CD Asso- 
ciates. First Light Technology Inc., and 
Arburg International. 

GE Plastics is located at 1 Plastics Drive, 
Pittsfield, MAO 1201; (413) 448-4690. 
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Announcing 

ASAP 6.0 Optical Analysis Software 


The most robust optical simulation 
and rrmrlplinn software in the universe 


• Easiest-ever graphical user interface 

• Powerful new source/geometry builder 
to address your #1 design challenge 

• Smart integrated CAD translator 

• New interactive display features 

• Expanded Windows help menu 

• Support of Radiant Sources“from 
Radiant Imaging, Inc. 

• New and expanding catalogue 
of common bulbs 
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Breault Research 
Organization 

Tucson, Arizona 


Anything else is an optical illusion. 


Segmented reflector 


New ASAP 6.0 features: 
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Photonics 


In overview of the Centers 
leadership role in optics, 
lasers, remote sensing, and 
oilier photonics discipline .* 
Final part of three. 




in NASA’s * 
Field Centers 




■* <>• ■ 


■*w» 


I ASA programs generate a 
great wealth of advanced technology, 
and the agency, through its technology 
transfer programs, employs a variety of 
mechanisms to stimulate such transfer 
to the commercial sector of the econo- 
my. Probably the most important linkage 
is the group of ten NASA field centers 
located across the country. Many of 
them have significant work going on in 
the disciplines of photonics: lasers, 
optics, fiber optics, electro-optics, video 
and imaging, design and fabrication, 
and related areas. Two previous install- 
ments (February and April 1998) have 
dealt with such work in NASA’s Jet 
Propulsion Laboratory, Marshall Space 
Flight Center, Goddard Space Flight 
Center, Ames Research Center, Langley 
Research Center, Lewis Research Center, 
and Johnson Space Flight Center. The 
series concludes with examinations of 
such programs at Kennedy Space 
Center, Stennis Space Center, and 
Dryden Flight Research Center. 


about the vehicle and its environment. 
The Shutde Infrared Leeside Temper- 
ature Sensing experiment will obtain 
high-resolution infrared imagery of the 
upper surface of the orbiter fuselage 
and left wing during atmospheric entry. 
The accumulated data will be used to 
redesign the orbiter’s thermal protec- 
tion system. The Shutde Upper Atmos- 
phere Mass Spectrometer will deliver 
measurements of free-stream density 
during atmospheric entry. When com- 
bined with acceleration measurements 
from the companion high-resolution 
accelerometer package experiment, the 
measurements will allow calculation of 


Al Stennis Space Center, NASA’s 
lead center for commercial remote 
sensing programs, a demonstration 
project involving Vexed Corp. and 
Shell E&P Technology Co. investi- 
gated the potential of LightSAR tech- 
nology for oil exploration surveys 
over arid areas frequently covered 
with thin layers of alluvium. The 
picture above compares SIR-C space 
shuttle imaging radar (left), proto- 
typical of LightSAR, with Landsat 
Thematic Mapper imagery for an 
area in Jordan where Shell found 
oil reserves. At left, Kennedy Space 
Center's optical broadcasting wind 
indicator measures speed and direc- 
tion remotely. 


An example of commercially exploit- 
able technology coming out of Ken- 
nedy’s operations is the optical broad- 
casting wind indicator, recendy trans- 
ferred to Atlas Technology Corp. of 
Boca Raton, FL. The device broadcasts 
measured wind speeds and direction 
information via optical flashes from a 
high-intensity strobe light colocated with 
the wind sensors. 

STENNIS SPACE CENTER 

Stennis Space Center is home to the 
testing of large rocket propulsion sys- 
tems for the space shuttle and future 
generations of launch vehicles. It is 


"NASA has traditionally measured its progress in terms of 
technical performance, cost and schedule. Now, in the 
post-Cold War era there is another measure: contribution 
of technology to national economic security." 

— NASA Commercial Technology: Agenda for Change <1994) 


KENNEDY SPACE CENTER 

The Kennedy Space Center reached a 
major milestone with the start of the 
Orbital Flight Test Program and the 
launch of the first space shutde in 1981. 
Today, more than 80 shuttle missions 
later, Kennedy is the locale for shuttle 
integration and rollout, payload process- 
ing, prelaunch checkout, launch, and 
recovery. These tasks drive the work in 
the Center’s laboratories. 

The Space Shuttle Columbia, which 
went into orbit last year, contained a typ- 
ical group of instruments to gather data 


orbiter aerodynamic coefficients in a 
flow regime previously inaccessible to 
experimental and analytic techniques. 

The Columbia will also test a laser 
imaging system for Space Wing Range 
Safety officials. Currendy, these officials 
monitor a vehicle’s position using opti- 
cal tracking methods that can be 
impaired by vehicle engine plume, low- 
level clouds, and fog. Illuminating a por- 
tion of the launch vehicle with a nonin- 
vasive laser beam is expected to yield 
clear and defined images of the vehicle 
even with low visibility. 


NASA’s lead center for rocket propul- 
sion testing and for commercial remote 
sensing. 

The goal of NASA’s Commercial 
Remote Sensing Program is to enhance 
U.S. competitiveness through the use 
of remote sensing. Geographic Infor- 
mation Systems, and related technolo- 
gies. The CRSP office at Stennis admin- 
isters several partnership programs 
designed to transfer NASA’s technology 
and expertise into the commercial sec- 
tor. Among them is LightSAR, a pro- 
posed lightweight, low-cost, space-based 
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Delivering rrecise New Products, Not Just Promises 


Cambridge Technology offers extensive experience in helping a broad range of laser systems integrators to 
achieve the highest possible levels of performance from the finest galvanometer based optical scanners manufac- 
tured worldwide. Cambridge Technology routinely meets the needs of the most demanding optical systems, and 
continues to develop higher performance products. 

At Cambridge Technology, exciting innovations and advances in state-of-the-art optical scanning technology 
happen regularly. Recently introduced are two new high performance Moving Magnet galvanometers. Complement- 
ing these and various other motors are two new, low-profile, SMT-based servo controller options. With a full line of 
High Performance Moving Coil and Moving Magnet Galvanometers and supporting products for large apertures and 
small, our patented technologies offer repeatability of a single micro-radian of angle, and step times of less than 1ms. 

Our customer commitment makes Cambridge Technology the obvious choice for your beam positioning system 
requirements. Contact our Sales Engineers and Field Representatives today for the very latest details on how our 
team can help you gain the competitive edge required for tomorrow's market. 

Cambridge 

^1 Technology 


Mo(or Representatives: FRANCE /OPTILAS Composonts Tel. 33 (1) 60 79 59 66, Fox 33 (1) 60 86 96 33 GERMANY / OPTILAS GmbH Tel. 089/89 01 35-0, Fax 089/800 25 61 
ISRAEL / New Technology R.K. Lid. Tel. (972) 3571 8686, Fox (972) 3571 4641 ITALY / Crisel Instruments srl Tel. 39 (6) 3540 2933, Fox 39 (6) 3540 2879 
JAPAN / T.E.M. Tel. (03) -3226-7671, Fox (03) 3226-7673 KOREA / MJL Crystek, Int. Tel. 82-42-861 -8070, Fox 82-42-861 -8073 PRC / SuperblN, Tel. 86-10-6262-8035, Fox 86-10-6262-8034 
RUSSIA / Pelrovskye Mosterskye Tel. 7 (095) 339 3400, Fox 7 (095) 333 0278 TAIWAN / SuperblN Company, Ltd. Tel. 886-2-701326, Fox 886-2-7013531 
UNITED KINGDOM / Laser 2000 Ltd. Tel. 44 (0) 1933 46 1666, Fax 44 (0) 1933 46 1699 USA-WEST COAST / Griot Group, Inc. Tel. 408-727-2880, Fox 408-727-2899 


Corporate Office • 109 Smith Place • Cambridge, MA 02138 • Tel. 617- 441-0600 • Fax 617-497-8800 • http://www.camtech.com 



PositionPro lM 

Cambridge Technology's 
newest J^resident scanner 
interfacing system 


$MT-Bctseci x Servos 


jclel 6800HPL 

e smallest and fastest 
sed loop optical scanner 
inufactured worldwide 


Mpdel 6880 

The fastest galvanometer 
for|beam diameters, of 
1 3rnm and more 


Model 6870 

The fastest galvanometer for 
10-1 2mm beam diameters 
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synthetic aperture radar for commercial 
and science applications. Four industry- 
led teams have assessed potential 
markets and partnering arrangements 
for LightSAR implementation. The 
prime contractors for the design defini- 
tion phase of LightSAR are: DBA Systems 
Inc. and CTA Space Systems; Lockheed 
Martin Astronautics; Research & Devel- 
opment Laboratories; and Vexcel Corp. 

Stennis is the avenue between NASA’s 
Small Satellite Technology Program and 
the private sector for encouraging and 
executing remote sensing applications. 
Projects include preserving the Central 
American tropical rain forest, studying 
sea-surface temperatures to determine 
conditions for red-tide outbreak, analyz- 
ing plant stress, and monitoring cultural 
and historical archaeological sites. 

Remote sensing and Geographic In- 
formation System programs are ap- 
praised at Stennis, determining their 
economic benefit, and how best to trans- 
fer such approaches to the private sec- 
tor. A recently formed partnership 
between Stennis, the University of New 
Mexico, Jet Propulsion Laboratory, and 
User Systems Inc., will analyze the more 
than 18 trillion pieces of information 
gathered from NASA’s shutde-based syn- 
thetic aperture radar for NASA in return 


for being allowed to find commercial 
uses for the data. 

DRYDEN FLIGHT RESEARCH CENTER 

Dryden Flight Research Center’s pri- 
mary study tools are research aircraft, but 
ground-based facilities also have a key role 
in the Center’s mission as NASA’s Center 
of Excellence for atmospheric flight oper- 
ations. These include a high-temperature 
and loads calibration laboratory to test 
complete aircraft and structural compo- 
nents under the combined effects of 
loads and heat and a highly developed 
flight instrumentation capability. 

Dryden has cooperated with other 
NASA centers in the development and 
evaluation of photonics technology. 
Dryden’s F-18 was the vehicle for the 
testing of the suite of Lewis-developed 
fiber optic sensors in the Fiber Optic 
Control System Integration project. 

Sensors play a major part in Dryden- 
led research. A recent thrust was in 
flight-qualifiable sensors for inlet air 
mass flux to improve control of conven- 
tional aeroengine gas turbine power 
plants and variable-geometry, mixed- 
compression inlets of advanced flight 
vehicles. Optical techniques are advanta- 
geous for inlet measurements, particu- 
larly in compressible flows, because they 


do not disturb the flowfield downstream 
of the measurement location. Under a 
Dryden-monitored SBIR contract. Phy- 
sical Sciences Inc. of Andover, MA, devel- 
oped an optical air mass flux sensor. On 
a full-scale Pratt & Whitney F- 100 engine 
in a Dryden ground test, mass flux mea- 
surements with an accuracy of 1 or 2 per- 
cent over the full range of engine oper- 
ating conditions were achieved. 

A key Dryden endeavor is the Environ- 
mental Research Aircraft and Sensor 
Technology program, or ERAST. It is an 
effort by a NASA-industry alliance to 
develop aeronautical technologies to 
support a family of unpiloted aircraft to 
carry out scientific and environmental 
missions at heights of up to 100,000 feet 
and durations of several days or more. 
Dryden is the lead NASA center in the 
seven-year evaluation program. ERAST 
is sponsoring the development of the 
Suntracking Sunphotometer to support 
the Tropospheric Aerosol Radiative 
Forcing Observational Experiment on 
the eastern seaboard. 


On the cover: The HeNe laser interferom- 
eter from Renishaw Inc., Schaumburg, IL, is 
shown being used to automatically calibrate 
and compensate for machine tool positioning 
errors. Photo courtesy Renishatv. 


Don't let the wrong hot mirror 
color the quality of your work. 




t ZC&R our Crystal 
^ Clear Hot Mirrors are 
guaranteed to be color 
neutral even at 5500°K. 
And we guarantee our hot 
mirrors won't fail due to heat. They won't peel, fade 
or craze. If they do— and they won't— 



we'll replace them FREE. Guaranteed.* 


We accept MasterCard and Visa 


jOC 

m 

COATINGS FOR OPTICS 


Visible 

Our hot mirrors come in _ Ll9ht 
sizes up to 24" diameter, 
with custom shapes avail- 
able. So call us today. 

Give us your most demanding application and we'll 
hand you a solution that's CRYSTAL CLEAR. ZC&R hot 
mirrors— a true reflection of advanced 
technology. 


•Substrate breakage due to thermal shock or 
mishandling is not covered by this guarantee. 


1250 E. 223rd St., Suite 111 • Carson, CA 90745, USA 
(310) 513-6319 • (800) 426-2864 • FAX: (310) 952-1270 
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Kodak c k 

digital science 

© Eastman Kodak Company. 1995. Kodak. Digital Science, 
and the ds monogram symbol are trademarks. 
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You said you 
needed ultra 
high resolution 
imagers. 

We said: 
"We've got a 
16 million pixel 
full-frame chip 
off the shelf!" 


From the reliable 
source for very high 
resolution imagers. 

With over 16 million 
pixels (4k x 4k), 
our full-frame Kodak 
Digital Science™ 

KAF-1 6800 Image 
Sensor is ready for 
your extremely high 
resolution imaging 
requirements. 

The single output 
amplifier eliminates 
the matching problems 
associated with 
parallel output 
amplifiers. Use the 
KAF-1 6800 for your 
most demanding 
applications - 
including film 
digitizing, industrial 
inspection, aerospace, 
and medical. 

Need high resolu- 
tion interline imagers 
with electronic shutter, 
anti-blooming and 
low smear? 

Try our 1 k x 1 k 
progressive scan 
KAI-1001M imager. 

Or call us about 
our 2 million pixel 
KAI-2090 chip. 

Both have built-in 
microlenses for 
improved sensitivity 
and optional color 
filter array! 

And don't forget 
that Kodak provides a 


complete line of 
high resolution linear 
imagers including our 
6000 pixel KLI-6003 
and our 8000 pixel 
KLI-801 3 tri-color 
linear arrays. Ideal for 
film and document 
scanning, inspection, 
and studio cameras. 


ISO 9001 CERTIFIED 


Kodak is your 
reliable source 
for high 
performance, 
full-frame, 
interline, linear, 
and IR sensors 
as well as support 
ASICs. We're 
setting the standards 
for new and emerging 
imaging technologies 
worldwide with our 
comprehensive 
capability in design, 
fabrication, testing and 
technical support. 

716-722-4385, ext. 503 


Call us today and 
talk to a Kodak 
engineer about your 
application. 

We'll help you 
select the imager your 
products deserve. 


THE 

SOLID STATE 
OF IMAGING 
AT KODAK 



Micromachined Interferometric Optoelectronic Display Devices 

Miniature Fabry-Perot interferometers would be used as modulators to mix colors. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 
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Each of Three Micromachined Interferometers in a pixel would either transmit light at a resonant 
wavelength Ai when relaxed at gap d„ or else would not transmit when its mirrors were pulled to- 
gether by voltage applied to electrostatic-deflection electrodes. 


Devices containing planar arrays of 
micromachined, electrostatically adjust- 
able Fabry-Perot interferometers are 
undergoing development. These devices 
could be designed, for example, as color 
high-definition television displays, as 
larger flat-panel displays for indoor and 
outdoor entertainment and advertising, 
as filter arrays for spectroscopy, and as 
modulator arrays for optical computing 
and switching. In comparison with state- 
of-the-art flat-panel display devices based 
on liquid crystals, plasmas, and electro- 
luminescence, the present devices offer 
potential advantages of high speed, 
insensitivity to changes in temperature, 
low power consumption, wide viewing 
angle, scalability, light weight, and 
long life. 

A related concept of using two-stage, 
micromachined, electrostatically adjust- 
able Fabry-Perot interferometers as 
rapidly tunable color filters and shut- 
ters was presented in “Micromachined 
Opto /Electro /Mechanical Systems” 
(NPO-19467), NASA Tech Briefs, Vol. 21, 
No. 3 (March 1997), page 50, and 
“Micromachined Tunable Optical In- 
terference Filters” (NPO-19456), NASA 
Tech Briefs, Vol. 21, No. 3 (March 1997), 
page 111. The devices being developed 
according to the present concept are 
based on the same physical principles 
but differ in significant details of design 
and modes of operation. 

In a three-color television display 
device according to the present concept, 
each pixel would contain three micro- 
machined, electrostatically adjustable 
Fabry-Perot interferometers, each serv- 
ing as a modulator for light of one of 
three wavelengths (see figure). Each 
micromachined interferometer would 
contain two parallel, flat, partially trans- 
parent mirrors — one on a springy sili- 
con nitride membrane and the other on 
a stationary glass substrate. The mirrors 
and the gap between them would consti- 
tute an optical cavity with resonant trans- 
mission peaks at wavelengths equal to 
integer submultiples of twice the size of 
the gap; that is, the interferometer 
would transmit most of the light at these 
wavelengths and reflect most of the light 
at other wavelengths. 

The nominal size of the gap in each 
micromachined interferometer would 
be selected so that its resonant wave- 
length in the visible part of the spectrum 
was that of the desired color. The display 
panel would be illuminated with white 


light from its back side (the lower side in 
the figure). Optionally, color filters 
could be formed on the back side regis- 
tered with the corresponding interfer- 
ometers to provide additional selectivity 
for greater purity of the colors. 

When voltage was not applied to the 
electrostatic-deflection electrodes, the 
springy silicon nitride membrane in each 
interferometer would maintain the nom- 
inal gap and therefore light of the nomi- 
nal wavelength would pass through to the 
front (top in the figure) side, where it 
would be seen. When voltage was applied 
to tile electrostatic-deflection electrodes 
of a given color interferometer in a given 
pixel, the spring force would be over- 
come and the two mirrors drawn togeth- 
er; this would eliminate the resonant gap, 
causing the two mirrors to act as ordinary 
mirrors so that light would not pass 
through to the front. The net effect 


would be that each interferometer would 
act as a light valve or modulator for its 
assigned color. Thus, by opening each 
light valve for a specified fraction of each 
image-repetition cycle, one could mix 
specified proportions of each color. Since 
the viewer’s eye could not spatially resolve 
the individual interferometers or tempo- 
rally resolve the individual flashes of 
light, the viewer would get the impression 
of a desired composite color emanating 
from the pixel. 

This work was done by Tony K. T. Tang, 
Linda M. Miller, Michael H. Hecht, and 
Judith A. Podosek of Caltech for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation, access the Technical Support Package 
(TSP) free on-line at unvw.nasatech.com 
under the Electronic Components & Circuits 
category, or circle no. 130 on the TSP Order 
Card in this issue to receive a copy by mail 
($5 charge). NPO-19527 
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NESLAB recirculating chillers provide 

extreme performance for the most demanding 
laser applications. 

Extreme Temperature Control 

Our chiller designs push the limits of temperature 
range and capability- computer interfacing, 
remote sensing, rapid cool-downs. Plus stability 
to the finest degree. 

Extreme Fluid Compatibility 

In the past, simply cooling with tap wafer was 
good enough. Today's applications demand the 
sophistication of deionized water and other fluids 
that demand specialized materials of construction 

for compatibility. 

Extreme Pumping 

Name your flow and pressure and we can provide 
a pump to meet it. We have over 50 different 
pumps and plumbing configurations to meet your 
custom fluid and circulating requirements. 

Extreme Customer Support 

A NESLAB chiller is at home in all parts of the 
world. Whether installed in Asia, Europe or North 
America, we have a customer service office to 
respond quickly to technical questions and 
equipment servicing. 

We fake chilling to the extreme. 

If you want to know more about NESLAB chillers, 
simply phone us at 800/4NESLAB today. 


NESLAB Instruments, Inc. 

P0 Box 1178 

Portsmouth, NH 03802-1178 
BBS: 603/427-2490 8-N-l 
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Visit NESLAB on the World Wide Web at http :\\www. neslabinc.com 



Hungry For An 
Optical System 
That Will Bend 
To Your 

Changing Needs? 



Bite Into The Zoom 70 
and Savor The Unmatched 
Flexibility of Modular Design. 


With four interchangeable focus and 
illumination modules to choose from, 
the Optem Zoom 70 Optical System 
can be configured to meet most 
any machine vision or close 
inspection need. 




Add to that a precision 7:1 zoom 
ratio, and a 0.75X - 5.25X magnification 
range that is extendable down to 
0.04X and up to 21 ,0X using a wide 
array of accessories, and 
you have one of the most 
versatile and flexible 
optical systems 
available. 

Put a new twist in 
your product or 
system. Contact Optem today 
to specify a Zoom 70 Optical System 
for your application. 
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Variable-Wavelength Micromachined 
Fabry-Perot Interferometers 

Displayed colors would be varied at will. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


The figure schematically shows a 
micromachined Fabry-Perot interferom- 
eter that, when fully developed, would 
be part of a two-dimensional array of 
such interferometers in a flat-panel dis- 
play device. The interferometers, arrays, 
and display devices according to this 
concept would be similar to those 
described in the preceding article, 


interferometer in each pixel could be 
varied as a function of time to make 
light of a chosen wavelength pass 
through at a given time, or the voltage 
could be increased to a level sufficient 
to draw the interferometer mirrors 
together so that no light would pass 
through. That is, by controlling the 
voltage applied to each pixel, one could 


Transmitted Color Light 



Aluminum or Stacked-Dielectric-Layer 
Mirror With Transparent Electrodes 



Normally Incident White Light 


This Micromachined Fabry-Perot Interferometer would pass light at a resonant wavelength equal to 
2 ndlm, where n is the index of refraction of the medium between the mirrors, d is the gap width 
shown in the figure, and m is an integer that denotes the order of interference. The voltage applied 
to the transparent electrodes would be varied to vary d and thus the transmitted color. 


“Micromachined Interferometric Opto- 
electronic Display Devices” (NPO-19527). 
The basic principles of design and oper- 
ation are the same, but there would be 
differences in some of the details. 

The major difference in design 
would be that a device of this type 
would contain only one microma- 
chined Fabry-Perot interferometer per 
pixel instead of three as in the devices 
of the preceding article. The major dif- 
ference in operation is that instead of 
using each micromachined Fabry-Perot 
interferometer as an on/off modulator 
for light of a preset wavelength, one 
would use each such interferometer as 
a tunable band-pass filter and “off' 
switch: the voltage applied to the elec- 
trostatic-deflection electrodes of the 


either make it appear to glow in a cho- 
sen color or else go dark. 

The feasibility of this concept was 
demonstrated in an experiment on a 
prototype. The distance between the 
mirrors was varied, causing the trans- 
mitted color to vary between red and 
blue. 

This work was done by Tony K. T. Tang , 
Linda M. Miller, and Judith A. Podosek 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, ac- 
cess the Technical Support Package (TSP) 
free on-line at www.nasatech.com under the 
Electronic Components & Circuits category, 
or circle no. 131 on the TSP Order Card 
in this issue to receive a copy by mail 
($5 charge). 

NPO-19528 


www.nasatech.com 
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Enhancements to 
Fiber Optic Bragg 
Grating Sensors 
and Demodulation 
Systems 

The sensors and sensor 
signal readout are 
improved. 

The Boeing Company, 

St. Louis, Missouri 

The Boeing Company has developed 
and patented certain enhancements 
to commercially available Bragg grating 
sensors and demodulation systems. 
These patents (Nos. 4,471,659, 
4,668,093, 5,380,995, 5,563,967, and 
5,627,927) are available for license. 
Knowhow related to these patents is 
available through laboratory and engi- 
neering services offered by Boeing. 

The enhancements cover two areas, 
the sensors themselves and sensor sig- 
nal readout. The double-core Bragg 
grating fiber optic sensor consists of a 
fiber optic designed to transmit differ- 
ent wavelengths of light. Bragg gratings 
at two wavelengths are written at the 
same location on the fiber optic. The 
response from these gratings can be 
used to simultaneously determine both 
the strain and temperature on the fiber 
optic. The multiple overlapping grat- 
ing method further enhances the sepa- 
ration of variables by allowing separa- 
tion of x-axis strain, y-axis strain, z-axis 
strain, and temperature from one sens- 
ing location. 

High-speed sensor signal readout is 
improved via an additional pending 
patent that allows efficient integration 
of multiple strings of sensors and the 
use of less expensive sources at the same 
time. This technique could readily be 
adapted to telecom applications to 
reduce cost. 

Bragg gratings represent a relatively 
simple, compact, and low-cost ap- 
proach to measuring strain or tempera- 
ture in carbon and glass composite 
embedding applications. The simplici- 
ty arises because there is no need to 
measure optical phase, and hence no 
need for a coherent light source. Light 
demodulation instruments are difficult 
and costly to manufacture; thus the use 
of Bragg gratings results in a significant 
cost savings. Since these gratings can 
be written at different wavelengths, 
many individual sensors can be wave- 
length-division-multiplexed and inte- 
grated onto a single fiber optic strand. 




I■llllllllll I OPTIMA® 


Optima Precision Inc. 
775 SW Long Farm Road 
West Linn, Oregon 97068 


http://www.optima-prec.com 
Phone: (800) 544-4118 
Fax: (503) 638-4545 


Looking for outstanding quality, unique laser diode products, 
and excellent service? Think of Optima. We maintain this simple 
and straightforward business philosophy by creating unique 
products that complement the use of laser diodes in today's 
dynamic technological market. 


Whether you need a custom assembly or just an off-the-shelf 
component, you'll find Optima provides personal service to 
meet your requirements. Please call or fax requesting our 
catalog covering these products: 




□ Laser Diode Collimating and Objective Lenses (multi-element 
glass and single-element glass and plastic aspheric lenses) 

□ Diode Laser Modules 635nm to 685nm 

□ Line Generating Modules and Lenses 

□ Mounting Kits tor Laser Diodes 

□ Collimated Diode Lasers 

□ Anamorphic Prisms for Beam Shaping 

□ Laser Diodes from 635nm to 850nm with 
optical power from 3mW to 50mW 
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Subscale Hydrogen Tank Compression Test (-220°F) 


Fiber optic sensors can be embedded 
into the composite without degrading 
the mechanical performance of the part. 

Bragg gratings provide significant 
and important enhancements to fiber 


optic technology, enabling the integra- 
tion of the grating filters, reflectors, tun- 
able lasers, couplers, and sensing ele- 
ments direcdy in the waveguiding core 
of the fiber optic. The Federal Highway 


Administration has attached Bragg grat- 
ing sensors to reinforcing rods and to 
concrete in numerous roads and 
bridges. 

Rragg gratings may be fabricated 
on most commercially available fibers. 
The gratings’ reflection and transmis- 
sion response can also be custom- 
designed to specifications. 

These Bragg grating enhancements 
are now available for license for use with 
commercially available Bragg grating 
and demodulation systems. Bragg grat- 
ing enhancements are continually being 
researched and developed further by 
the Boeing Company, drawing upon the 
successful implementation of this tech- 
nology on the Structural Health 
Monitoring System for the composite 
Clipper Graham® LH 2 cryotank (see 
graph) built for NASA. 

The Boeing Company is currently 
developing business relationships with com- 
panies interested in applying Boeing tech- 
nologies to their products. If actively interest- 
ed, please contact Dennis Donahue , Market- 
ing Manager, Licensing; MC 306-1285, PO 
Box 516, St. Louis, MO 63166; (314) 234- 
7093; fax (314) 232-4313; http: //mow. 
boei ng. com/assocprodu cts/mdip/. 




BLAZING SPEED 
■UNPARALLELED 
IMAGE 
^ QUALITY 


For the most demanding imaging applications, you 
can't take a chance on the camera you choose. 

You need solid imaging performance, accurate 
.2S es3& - technical specifications and dedicated 

' JW / customer support. 
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^ to SIVID's award winning design team 

"if « for excellence in high-speed, high- 

/ performance imaging. 


50SS Corporate Plaza Dr. Suite 100 • Colorado Springs, CO 80919 • www.sntd.com 
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Optical Solutions For 
Today’s Imaging Needs. 


As quality video imaging becomes an increasingly 
important part of today’s communication highways, 
Canon, the worldwide leader in broadcast 
television lenses, continues to set the 
standard with superior optics, state-of-the- 
art engineering and innovative technology. 

Our full line of video communication lenses 
include the all new YJ18x9B KTS, the 
YH18x6.7 KTS and the YH14x7.3 KTS. 

These lenses feature many important 



advantages such as super close-up, 18X zoom 
capability (found in the YJ18 and YH18), and other 
benefits normally associated with Canon’s 
world-class broadcast TV lenses. The 
lenses can be used with most any 2/3” 
or 1/2” camera and offer remote control 
zoom, focus and iris functions available 
via our TCR-101F, 201F or 301F line of 
controllers. Lightweight and sturdy, these 
lenses are also available with a simple 
interface for use with custom controllers. 



For more info 
Call 1-800-321-4388 

(In Canada: 905-795-2012) 

http: //www. usa. canon, com 

Emmy winner for “Implementation in 
Lens Technology to Achieve Compatibility 
with CCD Sensors. ” 


Canon 
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Active Fiber Optic Microelectromechanical 
Systems Aligner 

The cost per aligned fiber optic is significandy less than the device 
to be pigtailed. 

The Boeing Company, St. Louis, Missouri 


As currently practiced, packaging of 
individual optoelectronic components 
accounts for 40-50 percent of product 
cost. The development of higher-vol- 
ume, lower-cost optoelectronic manu- 
facturing technologies must take place 


in order to accelerate the installation 
of optoelectronics in lower-speed and 
shorter-distance networks, such as tele- 
communications, computer, and video 
applications for both defense and com- 
mercial systems. 



Schematic of the Active Fiber-Optic Micro 
Aligner. Components of the embedded micro- 
actuator include the X- and Y-counteract springs, 
and the bimorph. 

The microelectromechanical systems 
(MEMS) devices and fabrication and 
packaging described herein were devel- 
oped by the Boeing Company to address 
needs for the coupling of single-mode 
optical components for military and 
commercial applications. The company 
has demonstrated for the first time a 
fully integrated wafer-level processed 
active fiber-optic micro aligner (AFMA) . 
These MEMS devices are capable of 
large force and displacements with sub- 
micron accuracy. The technology is cov- 
ered by three patents (Nos. 5,606,635, 
5,602,955, and 5,553,182). 

One of the principal reasons more 
applications of photonic (all-optical) 
devices and optoelectronics are not 



Schematic of an Array of Active Fiber-Optic 
Micro Aligners. 


seen in the consumer and business mar- 
ketplace is the lack of reliable cost-effec- 
tive and easily implemented fiber optic 
alignment and bonding to discrete 
optoelectronic and photonics devices. 
The problem is the need to align optical 
components and fiber optics with sub- 
micron (<1 x 10" m) precision in less 
than 0.1 minute, with the cost per 
aligned fiber optic significantly less than 


Everything. 
In Moderation. 




Apogee Instruments cooled 
CCD camera systems have all 
the features you require for 
high dynamic range image 
acquisition, at prices that let 
your budget live in moderation. 

From our flagship AP m 
Series, to our high speed KX " 

Series for microscopy, to our 
ultra high quantum efficiency 
SPH™ Series for spectroscopy. Apogee systems represent 
full-featured, cost effective technology. 

If your work goes beyond off-the-shelf, consider us 
an extension of your development team for custom 
OEM or high-reliability applications. 

For complete technical information, call us or visit 
our highly praised website at www.apogee-ccd.com. 

O^Apogee 

INSTRUMENTS INC 

(520)326-3600 Fax(520) 326-0880 
http://www.apogee-ccd.com 

©1998 Apogee Instruments, Inc SPH, KX and AP we trademarks of Apogee Instruments Inc. All other product names mentioned herein are trademarks of their respective owners 


CCDs: Hamamatsu, Kodak, 

SITe, Thomson 

Resolution: 14 or 16 bit 

Digitization: 50 kHz to 1 .35 MHz 

Format: 6.8p to 24p pixels 

512x64 to 2048x2048 

Software: PMIS, Image-Pro Plus? 

KestrelSpecT Linux Camera, 
and Apogee Instruments 
camera control libraries. 
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the device to be pigtailed. This submi- 
cron or nanometer precision is even 
more critical for the more efficient 
lensed fiber optics. 

MEMS-based actuation during the 
manufacturing of packaged-fiber opti- 
cally coupled optoelectronic devices 
would meet the cost-per-alignment re- 
quirements. This AFMA technology can 
satisfy this need short-term while at the 
same time solving problems associated 
with the realization of the all-optical 
photonic system. 

The primary application for active 
fiber micro-actuators is highly cost-effec- 
tive in-package alignment and coupling 
of single-mode fiber optics (single or 
multiple fibers) to laser diodes in small 
packages. The process works with 
lensed or unlensed fibers and is polar- 
ization-preserving. Other applications 
include single-mode fiber optic back- 
plane connectors and a multiple-fiber- 
optic connector. 

The Boeing Company has fully devel- 
oped fabrication, testing, and packaging 
methods for the AFMA devices. Cur- 
rently there are several more active fiber 
optic components and methods that the 
company has disclosed to the U.S. 
Patent and Trademark Office. 

The Boeing Company is currently devel- 
oping business relationships urith companies 
interested in applying Boeing Co. technologies 
to their products. If actively interested, please 
contact Dennis Donahue, Marketing Man- 
ager, Licensing; MC 306-1285, PO Box 516, 
St. Louis, MO 63166; (314) 234-7093; fax: 
(314) 232-4313; http://xmmo.boeing.com/ 
assocproducls/mdip/. 


Making Single- 
Crystal Fibers in 
a Laser-Heated 
Floating Zone 

Process parameters can 
be controlled to obtain 
high-quality single-crystal 
fibers. 

Lewis Research Center, 

Cleveland, Ohio 

Figure 1 shows an apparatus for grow- 
ing a single-crystal fiber by solidifica- 
tion from a floating zone of laser-heat- 
ed molten material on the tip of a feed 
rod. The apparatus can be used to pro- 
duce single-crystal fibers of various 
highly pure ceramic and metal compo- 


PFLN, Oven & Temp Controller 


OPO to MID - IR 



* From RT to 200° C with (0.1° C resolution) 

* Microprocessor controlled with 4 digits LED display 

* Size 4 x 3 x 7.6 cm, crystal length up to 6 cm 

* For high efficient OPO to MID - IR 

* Easy to operate 


The solution to your wavelength conversion needs 
SUPER OPTRONICS 310/574-8181 

5519 GROSVENOR BL., LOS ANGELES, CA 90066 FAX 310/574-8188 


E-mail: contact@super-usa.com 
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Photoconductive (PC) 

♦LWIR 12-16 pm 
♦Single element 
♦Large area 

(1 mm & 2 mm squares) 
♦Background limited 
performance (BLIP) 


Photovoltaic (PV) 


♦Standard and custom cutoff wavelengths 
♦Operating at room, thermoelectric, or LN 2 temps 
•Square, circular, quad, and rectangular active 
area geometries 

♦Zero bias operation ‘Sizes from 50 pm to 1 mm 
♦Single, linear, and two dimensional focal plane 
arrays (up to 128 x 128 element) available 


♦active diameters from 50 pm to 5 mm 
•2.2 pm extended cutoff available 
♦standard TO-style pigtail and new 5 GHz 
mini-pigtail 

♦linear, fiber ribbon, and custom arrays 
•all popular active device mounts 
♦a wide variey of ceramic submounts 




Fermionics Corporation 


http://www.fermionics.com 



4555 Runway Street 
Simi Valley, CA 93063 


* (805) 582-0155 
fax (805) 582-1623 
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With Laser Measurement 


Figure 1. In the Laser-Heated Floating-Zone Apparatus, single-crystal fibers can be grown with controlled diameters and specified crystalline orientations. 


sitions, controlled crystal orientations, and small, uniform 
diameters. Such fibers are needed for experimental research 
on fiber reinforcements for metal-matrix/fiber and inter- 
metallic-matrix/fiber composite materials. Fiber composi- 
tions that have been produced thus far include sapphire 


“From crystal growth 
to finished blanks.’’ 



Quick Quotations & Expedited Delivery on your 
Silicon & Germanium optical materials. 


m Custom Prototypes 

■ High Volume Production 

■ Standard Fabrication Services 


To see how Lattice can 
work for you, fax us at: 


406 / 587-9055 


HLATICE 

= From crystal growth to finished blanks 


516 East Tamarack 
Bozeman, MT 59715 
406/586-2122 






(AL>0 3 ) with and without ternary additions, Zr0 2 , and yttri- 
um aluminum garnet (YAG). Typical fiber diameters have 
ranged from 100 to 250 pm. 

Preparation of a feed rod begins with mixing of metallic or 
ceramic powders with an organic binder. The powders are 
formulated with a modified stoichiometric composition; that 
is, the composition is chosen to obtain the desired fiber crys- 
tal composition, taking account of anticipated losses of vari- 
ous constituents through differential vaporization from the 
melt. The mixture of powders and organic binder is extrud- 
ed to produce the feed rod. The organic binder is typically a 
commercial water-soluble cellulose ether product formulated 
to obtain the desired extrusion properties and to vaporize 
during subsequent laser heating, leaving behind little or no 
residue. 

The feed rod is mounted vertically on a vertical-translation 
mechanism inside the vacuum chamber. A seed crystal 
(which could be a piece of previously grown fiber) is placed 
in the desired orientation by use of x-ray diffraction for mea- 
surement and a goniometer for adjustment. The oriented 
seed crystal is mounted in the desired orientation on the tip 
of a pull rod that is collinear with the feed rod and is con- 
nected to another, independendy controllable vertical-trans- 
lation mechanism inside the vacuum chamber. 

The laser beam is split into two beams aimed at the float- 
ing-zone melt location from opposite sides. The tip of the 
feed rod and the seed crystal on the tip of the pull rod are 
slowly brought toward each other and into the laser-heated 
floating zone, causing them to begin to melt (see Figure 2). 
Eventually, the molten tips touch and wet each other. Once a 
stable molten zone with a relatively uniform temperature pro- 
file has been established, growth of a single-crystal fiber can 
begin. 

To effect this growth, the feed rod is translated toward the 
laser-heated zone at one speed while the pull rod is translat- 
ed away from the laser-heated zone at a different speed. The 
ratio between the speeds is chosen to obtain the desired 
change from the diameter of the feed rod to the diameter of 
the fiber. Ordinarily, one seeks to produce a fiber narrower 
than the feed rod, so that the pull rod must be translated 
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Figure 2. The Seed Crystal and Feed Rod are brought together in the laser-heated zone. Once a sta- 
ble melt has been established, the feed rod is slowly fed into the laser-heated zone while the pull rod 
is withdrawn to pull out the growing fiber. 


more rapidly. The translation can be 
either downward as in Figure 2, or else 
upward. 

A technique called “melt modula- 
tion” is used to maintain stability and 


symmetry in the molten zone. Melt 
modulation is effected by optomechan- 
ically scanning the opposing laser 
beams back and forth across the feed- 
rod/fiber axis to obtain more nearly 


even heating. Melt modulation gives 
rise to small vibrations that help to sta- 
bilize the molten zone. The vibrations 
also increase thermal agitation and 
mixing, thereby helping to make the 
temperature more nearly uniform 
throughout the melt. The vibrations 
also help to shake bubbles out of the 
melt; without the vibrations, small bub- 
bles tend to coalesce into one large 
bubble in the molten zone, with conse- 
quent disruption of crystal growth. The 
frequency of vibration can be adjusted 
to avoid mechanical resonances and 
minimize vibration of the growing crys- 
tal. Typically, the optimum frequency 
lies between 30 and 50 Hz. 

This work was done by Frank Ritzert and 
Leonard Westfall of Lewis Research 
Center. For further information, access the 
Technical Support Package (TSP) free 
on-line at ivxmv.nasatech.com under the 
Materials category, or circle no. 132 on the 
TSP Order Card in this issue to receive a 
copy by mail ($5 charge). 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Slop 7-3, 21 000 
Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW-16539. 
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your application. 
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Room-Temperature 
External-Cavity Diode 
Lasers at 2.0 pm 

These are the first commercially available 
room-temperature broadly tunable diode 
lasers with output wavelengths in the 
2.0-pm range. 

Focused Research Inc. and New Focus Inc., 

Santa Clara, California 

External-cavity diode lasers (ECDLs) have been commercial- 
ly available for several years. Since their introduction, they 
have found applications ranging from telecommunications to 
atomic spectroscopy. These lasers provide a combination of 
extremely narrow linewidth, broad tunability, and ease of 
use, making them some of the most versatile lasers available. 
Until recently, the accessible wavelengths have been limited to 
the 0.6-1 ,6-pm region where commercial laser diodes are avail- 
able. Development conducted by Focused Research, a research 
subsidiary of New Focus, and Sarnoff Corporation, with sup- 
port from NASA Goddard Space Flight Center, has extended 
this range, resulting in the commercialization of the first exter- 
nal-cavity diode laser operating beyond 2.0 pm. 


Laser Diode 



Wavelength 

Tuning 



Laser 

Output 


Figure 1 . Schematic of a Modified Littman-Metcalf Laser Cavity. 


To develop this technology, researchers designed and fabri- 
cated a new strained-layer InGaAs/InP quantum-well ridge- 
waveguide semiconductor laser. Tensile strain was then added 
in the barrier region to extend the operating wavelength 
beyond 2.0 pm. To suppress laser oscillation between the facets 
of the diode, an antireflection coating was deposited onto the 
output facet. The quality of the antireflection coating is critical 
to achieving single-mode operation with narrow linewidths and 
wide tuning ranges, as oscillations between the facets will inter- 
fere with the effectiveness of the external cavity. 

The laser is then placed in an external cavity with a grating 
in a Littman-Metcalf grazing incidence configuration, as illus- 
trated in Figure 1 , The grating serves as the wavelength-selec- 
tive output coupler. The narrow linewidth is a result of the 
highly dispersive nature of the grating, which forces the laser 
to oscillate in a single longitudinal mode at any given setting. 
Adjusting the angle of the feedback mirror (or retroreflector) 
widi respect to the grating tunes the output wavelength. There 
are two methods of doing this: a DC motor provides rapid (>10 
nm/s) coarse tuning over the entire tuning range of greater 
than 70 nm. Fine wavelength adjustment is achieved with a 
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Actuation, Control, Dampening 
...for countless applications 



From pacemakers to fluid pumps to wafer inspection 
systems, piezoelectric components and assemblies 
provide the accuracy and reliability required by the 
most demanding applications. 

Rely on Morgan Matroc to provide: 

• Customized and standard devices 

• Wide range of shapes and sizes in 
hard, soft, and custom materials 

• Complete assembly capability 


Morgan Matroc Inc 

^Electro Ceramics Division 

232 Forbes Road 

Bedford, OH 44146 

Phone: 440-232-8600 

Fax: 440-232-8731 

E-mail: morgan-ecd@juno.com 

www.morganmatroc-ecd.com 
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CHILLERS/COOLERS 


CATALOG 

NESLAB’s newest product catalog 
features industrial chillers and 
liquid coolers. It includes features, 
specifications, and customizing 
options available, including refrig- 
eration, controller, pump, fluid, 
heater, and electrical specs. NESLAB offers a range 
of cooling solutions for applications such as in- 
dustrial lasers, EDM, plastics, plating, packaging, 
chilled rolls, and welding. There is a NESLAB solu- 
tion to fit each constant-temperature application. 
NESLAB Instruments, PO Box 1178, Portsmouth, 
NH 03802-1178; (603) 430-2271;fax (603) 430-8411; 
E-mail: neslab@neslabinstruments.com; URL: http:// 
neslabinc.com. 
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NEW WDM VARIABLE 
ATTENUATOR 

The IQ-3100BW Variable Atten- 
uator, also offered in a bench top ver- 
sion (FVA-3100BW), is built to offer 
extremely high spectral uniformity. 
This important feature allows you to maintain the 
attenuation value throughout the complete WDM 
spectrum when characterizing EDFAs or subsystems. 
The IQ-3100BW maintains the attenuation value when 
changing wavelengths. The module is controlled by a 
Windows-based software in a true multitasking envi- 
ronment. EXFO Electro-Optics Engineering Inc., 465 
Godin Ave., Vanier, Quebec, Canada G1M 3G7; 
(418)683-0211; 800-663-3936; fax (418)683-2170; 
E-mail: info@exfo.com; http://www.exfb.com. 

EXFO E-0 Engineering Inc. 

For More Information Circle No. 491 



FREE 1998 
PRECISION OPTICS 
CATALOG 

Edmund Scientific's New 1998 
Catalog features hundreds of tech- 
nical solutions from our inventory 
of precision optics, machine vision, 
and optical components. .\11 off-the-shelf precision 
optics and optical instruments are available in proto- 
type and production quantities and pricing. Engin- 
eering assistance and custom products available for 
production orders. Edmund Scientific Co., Industrial 
Optics Division, Dept. B981 N954, Barrington, NJ 
08007; Tel: 609-573-6250; Fax: 609-573-6295; e-mail: 
indusuial optics@edsci.com; www.edsci.com 

Edmund Scientific Co., 
Industrial Optics Div. 

For More Information Circle No. 492 



FREE CATALOG 
"OPTICS FOR 
INDUSTRY" 

Free 130 page catalog from 
Rolyn, world’s largest sup- 
plier of “Off-the-ShelF optics. 
24-hour delivery of simple or 
compound lenses, filters, 
prisms, mirrors, beamsplit- 
ters, reticles, objectives, eye- 
pieces, plus thousands of 
other stock items. At off-the-shelf prices. Rolyn also 
supplies custom products and coatings in prototype or 
production quantities. 

Rolyn Optics 

706 Arrow Grand Circle, Covina, CA 91722-2199 
Tel: 626-915-5707: Fax: 626-915-1379 

For More Information Circle No. 493 
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Figure 2. Typical Tuning Curve of a Model 6332 Velocity 2-pm laser. 


stack of piezoelectric crystals. This piezo 
stack provides the user with the ability to 
modulate the output wavelength with 
frequencies as high as 2 kHz. When 
faster modulation is required, a direct 
connection to the diode itself is pro- 
vided for current modulation. The total 
tuning range of the piezo stack is 
approximately 20 GHz (about 0.27 nm). 
The new product (Model 6332 Velocity 
Laser) tunes from about 1970 nm to 
2040 (see Figure 2 for a typical tuning 
curve). Nearby custom wavelengths are 
also available. 


field applications. Until the develop- 
ment of these lasers, researchers had 
to use cryogenic color-center or lead- 
salt lasers or complicated nonlinear 
schemes. These systems require much 
more care and time than the new lasers, 
and are generally used only in research 
labs. 

With their combination of simplicity, 
broad tuning range, and narrow line- 
width, these 2-pm ECDLs are useful 
sources for many spectroscopic and 
chemical sensing applications. Further 
advances in materials technology will 



Figure 3. Survey Spectra of C0 2 taken with a 2-pm Velocity laser. Data courtesy of Stanford University's 
High-Temperature Gasdynamics Laboratory. 


The 2.0-pm wavelength region is espe- 
cially useful for spectroscopy of molecu- 
lar species such as C0 2 , H 2 0, N 2 0, and 
NH S , for combustion diagnostics and 
environmental monitoring, and HBr for 
in-situ gas-phase substrate etching for 
the semiconductor industry. Figure 3 
shows data from a survey spectrum of 
C0 2 taken with the Model 6332 Velocity 
laser. The laser itself is compact and uses 
wall-plug power, making it useful for 


continue to fuel development in laser 
diodes. As longer-wavelength materials 
become available, New Focus anticipates 
their rapid integration into external-cav- 
ity tunable systems. 

This work was done by Dr. Tim Day, Dr. I- 
Fan Wu, Dr. Bill Chapman, and Greg Feller 
at Focused Research, Inc.., a subsidiary of 
New Focus Inc., Santa Clara, CA. For more 
information, please call New Focus at (408) 
980-8088. 
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NEW LITERATURE 


Fiber Optic Video Link 

Math Associates, Hauppauge, NY, is 
offering a specification sheet on its 
new Beamer fiber optic video link. The 
company calls Beamer a complete 
high-quality cost-effective transmission 
system designed to transmit color or black-and-white 
video signals across distances from a few feet to more 
than a mile. Consisting of a transmitter, receiver, and 
two power supplies, Beamer transmits over standard 
62.5-micron multimode fiber optic cable. It is com- 
patible with all standard analog video formats, 
including NTSC, PAL, and SEGAM, and operates 
with industry-standard ST-type connectors. 
Specifications provided include signal-to-noise ratio, 
differential gain and phase, optical loss budget, and 
operating temperature. 

For More Information Circle No. 767 

Lightwave Test and 
Measurement Guide 

EXFO E. O. Engineering, Vanier, 
P.Q., Canada, offers its “1998 
Lightwave Test and Measurement 
Reference Guide," showcasing its 
most recent developments in fiber optic test and 
measurement technology. Among new products out- 
lined in the catalog are the dense WDM testing line, 
which includes a PDL analyzer and tunable lasers, 
and new modules for the FTB-300 universal test sys- 
tem. The guide has more than 240 pages of infor- 
mation for fiber optic specialists, enhanced with dia- 
grams, tables, and graphs. Also included is equip- 
ment for performing fiber geometry analysis and 
spectral attenuation measurements for cable and 
fiber manufacturers. 

For More Information Circle No. 770 

Coating Technology 
Innovation 

ZC&R Inc., Carson, CA, 
has published an 8-page 
full-color catalog titled 
“Coating Technology 
Innovation.” The doc- 
ument provides specifica- 
tions on the company’s 
extensive line of standard 
off-the-shelf and custom 
coatings. Included are reflectance and transmit- 
tance curves on antireflection, metal, transparent 
conductive, and ultrahigh-power laser coatings, 
infrared filters, BlackLite and color dichroic filters, 
thin-film polarizers, color and heat control filters, 
and beamsplitters. 

For More Information Circle No. 773 

Laboratory Benchtop 
Instrumentation 

The new “1998 Short Form 
Catalog” from 1LX Light- 
wave, Bozeman, MT, con- 
tains information on the 
company’s instrumentation 
for laser diode control and 
fiber optic test and mea- 
surement. New products 
include combination (current and TEC) modules 
for the LDC-3900 laser diode controllers; die LDM- 
4984RF laser diode mount for telecom laser diodes; 
WDM DFB and external-cavity laser modules for the 
7900 modular fiber optic source system, and the 
8012/24 single- and dual-output low-cost fiber optic 
sources; and more. 

For More Information Circle No. 776 







Optics and 
Parts for 
Laser 
Systems 

Convergent En- 
ergy, Sturbridge, 
MA, has pro- 
duced a 48-page 
catalog of re- 
placement parts for its carbon dioxide and Nd:YAG 
laser systems. The catalog also includes widely used 
mirrors; gas discharge, flash, and arc lamps; and 
beam delivery optics for Nd:glass, YAG, and carbon 
dioxide lasers. Separate sections of the catalog detail 
the company’s laser offerings, diagnostic and safety 
equipment, customer support capabilities, and the 
care and cleaning of optics. 

For More Information Circle No. 768 



Spectral Data Acquisition 
Systems 

Now available from Acton 
Research Corp., Acton, MA, is a 
full-color brochure called 
“Beyond Peak Performance," 
detailing spectroscopic tools for 
research, analysis, and process 
monitoring. Featured is the new NCL high-perfor- 
mance spectral data acquisition system for spec- 
troscopy. Combined with ARC’s SpectraSense ' soft- 
ware, it makes real-time data collection, system 
automation, and chemometric analysis possible for 
process monitoring and research applications. The 
brochure gives specifications for SpectraSense soft- 
ware, the NCL electronic interface, and SpectraPro' 
monochromators and spectrographs. 

For More Information Circle No. 771 


Optoelectronics Data Book 

Advanced Photonix Inc., Cama- 
rillo, CA, has issued a 40-page 
capabilities brochure and product 
specification guide called the 
"Optoelectronics Data Book." The 
publication provides details of the 
company’s design and engineering, manufactur- 
ing, testing, and quality assurance capabilities; a 
technical section on the theory of operation of 
photodiodes; a glossary of terms; diagrams of typi- 
cal operating circuits; and a selection guide. 
Specifications are given for ultralow-noise, general- 
purpose, high-speed, UV-enhanced, and blue- 
enhanced PIN photodiodes; solderable chips; low- 
noise, general-purpose, and high-speed silicon 
detector/preamplifiers, and more. 

For More Information Circle No. 774 


Oriwm imniut 
IhnBottk 


Photonics Surface 
Preparation Equipment 

Ultra Tec Manufacturing Inc., 
Santa Ana, CA, has prepared a 
series of specification sheets on its 
line of precision saws and lapping 
and polishing machines. Included 
are the Ultraslice and Microslice saws that provide 
precision sectioning for a wide range of applications. 
Microslice 2 provides an annular cutting mode, mak- 
ing it the choice for many users in optical and mate- 
rial science applications. The company says that the 
Ultrapol 1200 series polishers offer maximum versa- 
tility in preparing samples of all shapes and orienta- 
tions. The UT-1600 Micropositioned Polishing 
Heads may be oriented in all planes to suit optical, 
optoelectronic, and fiber-type workpieces. 

For More Information Circle No. 777 




Spectrophotometer 
with FO Dip Probe 

A recently published bro- 
chure from Varian Analyti- 
cal Instruments, Palo Alto, 
CA, focuses on the Cary 50 
spectrophotometer. The 
company says its new xenon 
flashlamp technology offers 
better efficiency, longer 
lamp life, and no sample degradation. Full-color dia- 
grams and photographs illustrate the Cary 50’s flexi- 
bility and range for applications such as scanning, 
kinetics studies, and concentration measurements. 
The brochure highlights the instrument accessories, 
such as the fiber optic dip probe for speedy, precise 
liquid sampling without cuvettes. 

For More Information Circle No. 769 

Replacement Optics 
for C02 Lasers 

A new brochure describing 
lenses, mirrors, phase retar- 
dation reflectors, and other 
optics for industrial carbon 
dioxide lasers is available 
from leaser Research Optics, 
Providence, RI. The brochure 
features low-absorption ZnSe positive focusing lenses 
and molybdenum mirrors, and has descriptions, 
photographs and technical specifications for each of 
the many product categories. 

For More Information Circle No. 772 



See Breault 
Research at SPIE’s 
Annual Meeting 
July 19-24 



Design, analyze, and prototype optical systems 
in one program. Combines 3D surface/structure 
modeling techniques with very flexible ray trac- 
ing and coherent and incoherent beam propa- 
gation algorithms. Easiest ever graphical user 
interface, powerful new source and geometry 
builder, smart integrated CAD translator, cata- 
logue of common bulbs and direct import of 
Radiant Imaging's measured sources. 

Breault Research Organization, Inc. 

6400 E. Grant Road, Suite 350 
Tucson, AZ 85715 

Phone 520-721-0500 • Fax 520-721-9630 
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NEW PRODUCTS 


PRODUCT OF THE MONTH 

Optical Linear Encoder 

BEI Sensors 8c Systems Co.’s Encoder Systems Division, Sylmar, CA, introduces its 
LIE5 Series optical linear encoders, the first product to be developed under a new 
business alliance with Carl Zeiss Group. Called the most efficient microelectron- 
ic technology to result from an extensive research and development effort by the 
two companies, the LIE5 encoder is a reflective-read device that works in con- 
junction with a steel measuring scale. BEI says the head employs flip-chip-on-glass 
optics, which account for its small size as well as its ability to include built-in inter- 
polation circuitry with resolutions as fine as 0. 1 pm and output frequency up to 
36 MHz. The head’s dual scanning arrays allow for continued reading under con- 
tamination conditions that die company says would prove fatal to odier linear 
encoders. The package measures only 34 mm x 13.2 mm x 12.4 mm, offering mul- 
tiple mounting options. The scale features etched graduation marking of a 20pm pitch widi high optical 
accuracy; custom scale options are available. 

For More Information Circle No. 793 





Laser Power 
Measurement 
Systems 

The LPMS Series of 
laser power measure- 
ment systems from 
Labsphere Inc., North 
Sutton, NH, includes two precision power meters 
designed to measure the total output power of 
lasers or highly divergent sources. Integrating- 
sphere systems are available for measurements, 
insensitive to polarizadon and input-beam align- 
ment, over the wavelength region from 300 to 1800 
nm. These systems consist of an integrating sphere, 
detector assembly, and system control, with calibra- 
tion traceable to the National Institute of 
Standards and Technology. 

For More Information Circle No. 795 

Single-Mode 
Tunable 
Diode Laser 

Polytec PI Inc., 
Auburn, MA, 
the exclusive 
U.S. distributor 
for TUI Laser 
of Munich, Germany, offers TUI’s DL100 tunable 
grating-stabilized diode laser. With up to 100 mW 
of power, a linewidth of less than 1 MHz, and a 15- 
nm tunability for each diode, the DL100 is ideal 
for spectroscopy, interferometry, and gas 
analysis, Polytec PI says. A total tuning range of 
630-1600 nm is possible with a variety of diodes, 
and optional frequency doubling and amplification 
are available. 

For More Information Circle No. 798 

Tunable 
Laser with 
Direct UV 
Output 

Lambda Phy- 
sik Inc., Fort 
Lauderdale, 
FL, calls its 
UV-Star” the 

first commercially available, all-solid-state tunable laser 
with direct output in the ultraviolet. UV-Star consists of 
a cerium-doped LiCaAlF 6 laser pumped by a Lambda 
Physik StarLine’ 266 frequency-quadrupled Nd:YAG 
laser. UV-Star can be continuously tuned from 282 to 
310 nm. Maximum output power is more than 150 mW 
with a bandwidth of less than 250 pm. At a repetition 
rale of up to 1 kHz, output pulse duration is 2.5 ns. 

For More Information Circle No. 801 





Flow Visualization 
Imaging System 

The Saber 2/4' 1 system 
from Oxford Lasers 
Inc., Acton, MA, is a 
fully integrated particle 
image velocimetry 
(PIV) system consisting 
of the HS11000 solid-state pulsed laser illuminator, a 
megapixel cross-correlation camera, digital frame- 
grabber, Visiflow PIV analysis software, and fully 
configured PC for image capture and analysis. In 
cross-correlation mode, the imaging system provides 
the ability to capture two frames with as little as 1 0 ps 
of time separation. The fully digital system enables 
image capture to be externally triggered for precise 
timing with external events. 

For More Information Circle No. 796 

Optical 
Wavelength 
Meters for WDM 

Burleigh Instruments 
Inc., Fishers, NY, says its 
new WA-1600 and WA- 
1100 Wavemeter'" opti- 
cal wavelength meters are designed specifically lor 
characterization of wavelength division multiplexing 
components in manufacturing environments. Using 
Waveineter’s scanning Michelson interferometer- 
based technology to compare fringe patterns with 
those of a built-in HeNe laser wavelength standard, 
the meters achieve absolute wavelength accuracy of 
±0.2 ppm. The Wavemeters also measure total optical 
power, and monitor, as a function of time, changes in 
wavelength or power of an optical signal. 

For More Information Circle No. 799 

Diode-Pumped 
Rod Laser 

Cutting Edge Optronics 
Inc., St. Charles, MO, 
introduces the Stiletto, a 
sealed, compact 35-W 
diode-pumped Nd:YAG rod laser. The company says 
the product is a turnkey Q-switched laser system that 
will be useful for a wide range of near-infrared OEM, 
industrial, and scientific applications. The laser 
head, 1.75 in. in diameter and about 20 in. long, is 
housed in a sealed cylindrical tube that is the size of 
a typical HeNe laser. This makes possible using the 
laser with a wide variety of available HeNe mounts. 
An optional external screwdriver-adjustable mode 
control switches the laser to any one of three higher 
beam qualities, including TEM^ output. 

For More Information Circle No. 802 




IR Camera 
for Predictive 
Maintenance 

Raytheon, Goleta, CA, 
makes available ExpIorIR, 
an infrared camera de- 
signed for predictive maintenance and condition 
monitoring applications. Incorporating a 320-X-240- 
pixel uncooled focal plane array, the camera oper- 
ates in the 8-to-14-pm range with a sensitivity of 0.15 
°C. Measurement accuracy is ±4 percent or ±4 °C, 
whichever is greater. Weighing 5.5 pounds, the cam- 
era has a flip-out 5-in. active-matrix color display, 
designed to function in high ambient light. The sys- 
tem has two models: die SR features a measurement 
range of -20 °C to 300 °C, while the ER model 
enables measurement up to 900 °C. 

For More Information Circle No. 794 

Small-Diameter 
Borescope 

Gradient Lens Corp., 
Rochester, NY, intro- 
duces the Super Slim, 
part of the Hawkeye 
Precision Borescope line. The instrument is just 2.4 
millimeters wide. Because it is based on gradient- 
index (GRIN) optics, one long straight glass rod takes 
the place of many tiny lenses that make up the insides 
of other micro borescopes. Gradient Lens says that 
Hawkeye borescopes cost about a third to a half of 
today’s convenuonal instruments. The company says 
its patented endoGRINS design results in rods that 
are unique in having negative dispersion, which vir- 
tually eliminates aberrations such as color fringing 
and loss of sharpness. 

For More Information Circle No. 797 



Thin-Film 
Thickness 
Mapping 
System 

The F50 system 
from Filmetrics 
Inc., San Diego, 
CA, is a diin-film thickness mapping system designed 
for optical coating and semiconductor wafer appli- 
cations. It automatically measures the thickness of 
oxides, nitrides, resists, polymers, and other films 
used in silicon, III-IV, and LCD fabrication. It will 
measure films between 20 nm and 30 pm thick on 
substrates up to 8 in. in diameter. In addition, the 
system models and characterizes a multitude of com- 
plex multilayer optoelectronic structures, including 
vertical-cavity lasers and distributed Bragg reflectors. 

For More Information Circle No. 800 




Laser Diode 
Power Module 

New from Analog 
Modules, Longwood, 
FL, is the Model 5705 
isolated laser diode 
power module design- 
ed to drive diode loads 
for CW or pulsed diode-pumped solid-state laser 
applications. The module, which can be configured 
with either positive or negative output, delivers up to 
2 kW of average power. With a 325-VDC input, it can 
deliver 40 A at 50 V, 20 A at 100 V, or 10 A at 200 V. 
For pulsed applications, the Model 5705 can be used 
in conjunction with an external switch to provide 
peak currents of up to 300 A. Weighing 3 lbs., the 
device measures 6.0 x 5.5 x 2.78 in. 

For More Information Circle No. 803 
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A World ot solutions. 


bring the world closer to you. With 
innovative designs and the highest 
manufacturing standards backed by 
extensive engineering support, 

UDT Sensors offers: 

• Standard and Custom 
Photodetectors 

• X-Ray and UV Detectors 

• Fiber Optic Emitters and Detectors 

• LED's and Optical Switches 

• Opto-Assembly / Medical Products 

• Ceramic Substrates / Hybrids 

• SMT / Through-Hole PCB Assembly 

• Tool & Die / Injection Molding 
and Cable Over-Molding 


Do what companies around the world do, 
call us at (310) 978-0516. 
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Commercial • Medical • Analytical/Diagnostic • Military/Aerospace 


T 


UDT SENSORS. INC. 

An SSJ Systems, Inc. Company 
12525 Chadron Ave., Hawthorne, CA 90250 
(310) 978-0516 • FAX (310) 644-1727 
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Wait a Minute... 
Who’s Kobayashi? 

OptoSigma's Mitsuo Kobayashi is a 
dreamer. He didn’t discover gravity or a 
new moon, but awoke early one morn- 
ing with a revolutionary new concept in 
opto-mechanical positioning. After a 
few quick sketches, he rushed to work. 

It didn’t take long for us to realize that 
his extended contact bearing stage was 
an astronomical leap forward. The rest 
is history. 

Now available from OptoSigma in a 
wide range of models, Kobayashi’s 
“Dream Stage” combines crossed-roller 
and ball-bearing concepts for eye-open- 
ing load capacities and laser-straight 
travel accuracies. 

And because it 
uses only two- 
pieces with an 
integrated bear- 
ing design, con- 
ventional bear- 
ing ways are 
eliminated. 

So there are 
no preload 
screws to 1 
adjust, 
nothing to 
loosen up. 

The great minds at OptoSigma are 
always searching for better ways to 
make your job easier. It often begins 
with a dream. And continues 
with the best selection, prices 
and service in the industry. 

Call (949) 851*5881 today 
for your Free copy of the 
OptoSigma Catalog and 

a complete listing of our 
Stages, Optics & Mounts. 

OptoSigma. 

A Stage Ahead in Positioning. 




> Pulse-tube Refrigerator Unit 

The working fluid for this new device is helium, which is nontoxic to humans 
and harmless to the environment. 

Marshall Space Flight Center, Alabama 


The Pulse-tube Refrigeration unit 
offers a viable alternative to units that 
currently require chlorofluorocarbon 
(CFC) and hydro-chlorofluorocarbon 
(HCFC) working fluid. Pulse-tube Re- 
frigerators use helium as the working 
fluid, which is nontoxic to humans and 
harmless to the environment. 

Pulse-tube Refrigerators can be oper- 
ated over a wide range of temperatures. 
These units can be used in numerous 
space and commercial refrigeration 
applications, including food refrigera- 
tor/freezers, laboratory freezers, and 
freeze dryers. Pulse-tube Refrigerators 
can also be used to cool detectors and 
electronic devices. 

Pulse-tube Refrigeration, a variation of 
the Stirling cycle, is a relative newcomer 
compared to other refrigeration cycles. 

The Pulse-tube Refrigerator is the first 
unit applied to the temperature range 
and load level needed for typical food 
freezers and laboratory freezers. 

The design of the Pulse-tube Re- 
frigerator unit was based on the Orifice 
Pulse-tube concept. First, the gas is com- 
pressed in the compressor. Next, it flows 
through the compressor aftercooler, 
where heat is rejected to a water-cooling 
loop. Then the gas flows through the 
regenerator, which is basically an econo- 
mizer, conserving cooling from one cycle 
to the next. The gas then enters the cold- 
end heat exchanger where heat is added 
to the gas from the surroundings. 


The gas finally enters the Pulse Tube, 
orifice, and reservoir. These three compo- 
nents produce the phase shift of the mass 
flow and pressure, which is necessary for 
cooling. The gas shuttles back and forth 
between the hot and cold ends rather 
than circulating continuously around a 
loop, as in some refrigeration cycles. Heat 
is lifted against the temperature gradient 
and rejected at the hot-end heat exchang- 
er, which is also water-cooled. 

The compressor designed and built 
for this unit is a dual-opposed-piston 
type. The displacement of these two pis- 
tons is 180° out of phase, to reduce vibra- 
tions. The compressor, which can be 
operated over a wide range of frequen- 
cies, is designed for operation at a nom- 
inal 60 Hz. 

The compressor pistons are support- 
ed by helical mechanical springs which 
assist in producing harmonic motion 
and return the pistons to the needed 
null positions before startup. The pis- 
tons are supported inside the cylinders 
on dry lubricated, low-friction sleeve 
bearings. Each piston is attached to a 
separate moving coil, which is formed by 
wrapping copper wire around the end of 
a spool. When voltage is applied to a 
coil, the resulting current produces a 
force on the coil. 

Optical encoders provide real-time 
readout of all piston positions. These 
encoders use a noncontacting inter- 
rupter scale between a light-emitting- 


diode source and sensors to detect 
motion. A tachometer pulse and direc- 
tion signal are generated. 

The cold-end and hot-end heat ex- 
changers consist of fine mesh copper 
screens, fabricated in-house using pro- 
prietary techniques. 

After design and fabrication, the Pulse- 
tube Refrigerator unit was subjected to 
numerous tests. A temperature of -45 °C 
was reached, which is well below the tem- 
perature required for food freezers. 

Pulse-tube Refrigerators offer in- 
creased reliability, fewer moving parts, 
and much lower cold-end vibration than 
other spacecraft or commercial refriger- 
ation concepts. 

This work was done by W.G. Dean of Dean 
Applied Technology Co. for Marshall Space 
Flight Center. For further information , 
access the Technical Support Package (TSP) 
free on-line at www.nasatech.com under the 
Machinery/Automation category, or circle 
no. 166 on the TSP Order Card in this issue 
to receive a copy by mail ($5 charge). 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 

Dean Applied Technology, Inc. 

1580 Sparkman Drive # 103 
Huntsville, AL 35816 
(205) 721-9550 

Refer to MFS-26440, volume and number of 
this NASA Tech Briefs issue, and the page 
number. 


£ Improved Hybrid System Protects Airfoils Against Icing 

This system includes an upstream thermal and a downstream 
electromechanical subsystem. 


Lewis Research Center, Cleveland, Ohio 

An improved hybrid thermal/me- 
chanical system has been developed to 
protect airplane wings and other airfoils 
against the accretion of ice, which 
degrades aerodynamic performance. 
The system is designed with particular 
attention to advanced, high-perfor- 


mance airfoils, which exhibit significant 
loss of lift when their leading edges and 
adjacent areas become rough, as they do 
when ice accretes. 

In aeronautical terminology, “anti- 
icing” denotes the prevention of icing, 
while “deicing” denotes the removal of 


ice that has already formed. Anti-icing 
is the only way to keep the leading edge 
and adjacent areas of an airfoil aero- 
dynamically smooth in the presence of 
impinging supercooled water droplets. 
Deicing is adequate for the area suffi- 
ciently downstream of the leading edge, 
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FREE An Introduction to 
Solid-State Pressure Switches 


This all new technical article reprint pro- 
vides the reader with a detailed review of 
solid-sate pressure switches and their 
benefits for pressure monitoring and control. 
A comprehensive selection guide outlines 
the characteristics of the five basic pressure 
sensing technologies, covering, among 
other things, life cycle, operating 
range, proof pressure and relative price 
range. Call or write for your free copy today. 
(800) 835-1060. 
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Shear-Seal® 

Directional Control Valves 


Standard shut-off, 3-way, 4-way and dual 
pressure types available. Choose from 
operating ranges of vacuum to 15,000 psi for 
air, water and hydraulic oil service, with a 
choice of operation methods-manual, single 
and dual solenoid, cam, air, hydraulic or 
electric motor. Wetted materials include 
stainless steel, aluminum, PVC, brass, etc. For 
pipe sizes 1/4" through Vh". Barksdale is 
America’s leading supplier of standard and 
custom engineered high pressure valves for the 
fluid power industry. For a free catalog , 
contact Barksdale, Inc., (800) 835-1060, 
FAX (213) 589-3463. 
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but is not adequate for the leading-edge 
region because a typical deicing system 
is not effective until ice has accreted to 
some minimum thickness, and some 
residual ice sometimes remains after a 
deicing cycle. 

In the most common approach to 
anti-icing, one heats the leading edge 
and adjacent roughness-sensitive area to 
evaporate the impinging supercooled 
droplets when flying through a cloud. 
However, the power demand of a fully 
evaporative anti-icing system is excessive 
for most light jet and regional turbo- 
prop airplanes. The present hybrid sys- 


The electromechanical deicing sub- 
system includes actuators inside the 
airfoil at downstream locations on the 
upper and lower airfoil surfaces. These 
are locations where ice forms by freez- 
ing of impinging droplets and of water 
that runs back from the leading edge. 
The actuators are basically electromag- 
netic coils to which large dc pulses are 
occasionally applied, as required, by 
discharging energy-storage capacitors, 
creating a rapid impulsive force. The 
electromagnetic force causes the actua- 
tors to expand perpendicularly to the 
skin. The airfoil skin momentarily 



The Heater Prevents Freezing of impinging supercooled water droplets in the leading-edge region. 
The electromagnetic actuators occasionally deflect the metal skin outward to knock off ice that accu- 
mulates downstream from the leading edge. 


tern was developed to enable the anti- 
icing and deicing of such airplanes at an 
acceptably low power demand. 

This hybrid system includes an up- 
stream thermal anti-icing subsystem, a 
downstream electromechanical deicing 
subsystem (see figure), and an electron- 
ic subsystem that controls the other 
two subsystems. The thermal subsystem 
heats (either electrically or by use of hot 
gas from the engine) the leading-edge 
region enough to prevent water from 
freezing, but not enough to evaporate 
most of the water. No such heating is 
performed in the area downstream of 
the leading-edge region for the follow- 
ing reasons: Water from the leading- 
edge region runs back along the surface 
in rivulets, so that most of the down- 
stream area is dry most of the time. As a 
result, heating most or all of the down- 
stream area in order to heat the wet 
spots would be inefficient, entailing 
excessive power demand. 


deflects very slightly outward, with high 
level of acceleration, and returns to its 
original position. This is the actuation 
that removes the accumulated ice. 
Although the momentary pulse power 
is high, the average power consumed 
by the electromechanical subsystem 
is low. 

This work was done by Kamel Al-Khalil, 
Dennis Phillips, and Thomas Ferguson of 
Cox & Co., Inc., for Lewis Research 
Center. For further information, access the 
Technical Support Package (TSP) free on- 
line at www.nasatech.com under the 
Machinery/ Automation category, or circle 
no. 110 on the TSP Order Card in this issue 
to receive a copy by mail ($5 charge). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Lewis Research Center, Commercial 
Technology Office, Attn: Tech Brief Patent 
Status, Mail Stop 7-3, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-16412. 
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% Evaluation of a “Smart” Aircraft Control Actuator 


Benefits for future aircraft could include decreases in weights, costs, and 
electromagnetic susceptibility. 

Dryden Flight Research Center, Edwards, California 



Figure 1 . The Smart Actuator includes self-contained control electronics that perform 
functions that, in older systems, were performed within flight-control computers 
remote from actuators. 


An aircraft control 
actuator that incorpo- 
rates self-contained con- 
trol electronics has been 
installed in the F-18 
Systems Research Air- 
craft and evaluated in 
flight tests. This “smart” 
actuator is a prototype of 
fly-by-wire servoactuators 
for future advanced air- 
craft. 

Fly-by-wire servoactua- 
tors now used in military 
and commercial aircraft 
are not “smart” in that 
they do not use self-con- 
tained control electron- 
ics. Generally, electronic 
control and monitoring 
of servoactuators on air- 
craft are accomplished 
within separate flight- 
control computers. As a result, a large 
amount of wire is needed to operate all 
the actuators on an aircraft. Especially in 
a large commercial aircraft, the weight of 
the wire is significant. Other disadvan- 
tages of such a fly-by-wire system include 
high cost of maintenance, vulnerability 
to interference by electromagnetic sig- 
nals (including electromagnetic pulses), 
and the need for a unique flight-control 
interface for each actuator. 

The smart actuator (see Figure 1 ) was 
designed to fit in the left aileron bay of 
the F-18 airplane. The smart actuator 
contains two independent electronic 
channels that perform actuator-control, 


fault-monitoring, and redundancy-man- 
agement functions. Communication 
with the actuator has been simplified by- 
use of standard serial data buses. Instead 
of wires, optical fibers are used as the 
communication media. 

Installation of the smart actuator on 
the F-18 airplane necessitated two inter- 
face units. These units not only provide 
the electrical-to-optical interface be- 
tween the smart actuator and the F-18 
flight-control computers, but also pro- 
vide data to the instrumentation system 
of the airplane. The use of the interface 
units also makes it unnecessary to modi- 
fy- the flight-control computers. 


The performance of the 
smart actuator throughout 
the flight-test program has 
been exceptional (see 
Figure 2). Likewise, the 
fiber-optic data buses used 
with the smart actuator 
performed well throughout 
flight testing. Moreover, 
the smart actuator perfor- 
mance was virtually identi- 
cal to the F-18 production 
actuator. Although environ- 
mental tests revealed that 
the fiber-optic data buses 
were thermally sensitive, a 
maintenance-and-calibra- 
don procedure was devel- 
oped to account for the 
sensitivities. Fiber optics 
were found to be satisfacto- 
rily reliable, and mainte- 
nance was easily per- 
formed. No anomalies occurred during 
the flight tests. 

The development and flight tesdng of 
the smart actuator have proved that 
local control and monitoring of servoac- 
tuators is possible. Although sensitivities 
of the fiber-opdc data buses were discov- 
ered, these sensidvides can be factored 
into future system designs. The use of 
fiber opdcs and serial data buses simpli- 
fied integration of systems and provided 
valuable information regarding reliabili- 
ty and maintainability of fiber opdcs 
on aircraft. In addition, the use of fiber 
optics may translate to decreased 
weights, decreased costs, and decreased 
electromagnetic susceptibility for future 
aircraft. 

This xuork ivas done by Kari Alvarado, 
Denis Bessette, Dorothea Cohen, Bill Fred- 
riksen, Gordon Fullerton, Don Hermann, 
Linda Kelly, Doug Lindquist, Dick Klein, Bill 
McGrory, Harry Miller, Cynthia Norman, 
Lyle Ramey, Mauricio Rivas, Karla Shy, Joel 
Sitz, Daryl Townsend, and Eddie Zavala of 
Dryden Flight Research Center,- Karen 
Richards of HSI; Gavin Jen ney and Bruce 
Raymond of Dynamic Controls, Inc.; Dave 
Dawson and Major Dennis Trosen of the U. S. 
Air Force Wright Laboratories; Sean Donley of 
the U. S. Navy; and Bob Heagey and Bob 
Deller of HR Textron. For further information, 
access the Technical Support Package (TSP) 
free on-line at www.nasatech.com under the 
Machinery /Automation category, or circle no. 
157 on the TSP Order Card in this issue to 
receive a copy by mail ($5 charge ). DRC-96-73 



Figure 2. Nearly Identical Performances were exhibited by the smart actuator and the standard F-18 
aileron actuator in a flight test. [Aileron reversal ±60° bank angle, 24 kft (7.2 km), 0.4 M, 88 q.) 
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Manufacturing/Fabrication 


e! Apparatus for Coating and Cold Welding in Vacuum 

Vacuum need not be broken between the coating and cold-welding processes. 

Lewis Research Center, Cleveland, Ohio 


The figure illustrates selected aspects 
of a manually actuated apparatus for use 
in coating two small objects with suitable 
metals, then forcing the two objects 


together at the coated flat surfaces with 
uniform pressure to cold-weld them to 
each other. The design of this apparatus 
provides for all steps of the coating and 


cold-welding processes, including inter- 
mediate steps of manipulation between 
these processes, to be performed in a vac- 
uum, with no need to break vacuum 



Collet Holder 




SIDE VIEW OF MECHANISM IN POSITION FOR BONDING 


The Wafer Can Be Positioned facing upward toward a metal-deposition source, the turntable can be turned to bring the rod and disk to different metal- 
deposition sources, and the metal-coated wafer can be pushed down onto the rod for cold welding, all without breaking vacuum. 
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between the processes as in older meth- 
ods of coating and cold welding. By main- 
taining vacuum through all processing 
steps, one prevents the formation of sur- 
face oxides, which interfere with cold 
welding. Maintaining vacuum also pre- 
vents the formation of pockets of trapped 
gas, which render the bond nonuniform. 

In the original application for which 
the apparatus was designed, the objects 
to be joined are components of an ultra- 
sonic transducer; namely, a piezoelectric 
(e.g., lithium niobate) wafer as thin as 
0.001 in. (25 pm) and a round sapphire 
rod with a flat surface (to mate with the 
wafer) at one end and a concave focus- 
ing surface at the other end. The faying 
surfaces of the rod and disk must be 
coated with thin layers of chromium, 
then gold, then indium, by sputtering or 
vapor deposition in a vacuum. Then the 
wafer is pressed onto the end of the rod 
with a pressure of about 300 kg/cm 2 
(about 0.1 MPa) to cold-weld the rod 
and disk together at the indium surface 
layers. Thinness and uniformity of the 
bond layers and uniformity of the cold- 
weld joint are necessary for proper 
acoustic performance. 

The apparatus includes a collet that 
holds the sapphire rod and a rotating 
arm that contains a swivel disk, on which 
the wafer is held by a layer of wax. The 
arm enables the initial pickup of the pre- 
aligned wafer, the orientation of the 
wafer facing a metal-deposition source, 
and the repositioning of the wafer for 
subsequent bonding to the rod. During 
coating with metal, both the rod and the 
wafer are oriented with the bonding sur- 
faces to be coated facing the source of 
the metal. The chromium, gold, and 
indium layers are deposited from three 
different sources. The apparatus 
includes a turntable so that the rod and 
wafer can be positioned below each of 
the three sources in sequence. 

The collet is mounted in a spring- 
loaded holder, the springs of which are 
preadjusted to provide the appropriate 
bonding force. The springs are com- 
pressed and restrained by a cam-actuat- 
ed lever. The cam is driven by a linear- 
and-rotary vacuum feedthrough that 
enables actuation without breaking vac- 
uum. The feedthrough can be made to 
engage a cam socket when the angular 
position of the rotary table is such that 
the cam socket and the feedthrough are 
aligned with each other. 

A similar feedthrough and cam-actua- 
tion mechanism is provided for the posi- 
tioning arm. The arm is initially set in 
the coating position. After deposition of 
the three metal layers, the arm is rotat- 
ed, by use of this mechanism, to push 
the wafer down onto the rod in the col- 


let. The swivel disk provides limited free- 
dom of tilt to allow the wafer to align 
itself with the tip of the rod when the 
wafer and rod are pushed together. A 
latch locks the arm into position for 
bonding. A restraining cam is rotated to 
unload the spring compression from a 
restraining lever, allowing the spring to 
press the wafer and rod together. 

After the pressing, the vacuum system 
can be opened. Spring clips that hold 
the swivel disk in place and the collet 
that holds the rod in place are loosened, 
making it possible to remove the bond- 
ed parts with the swivel disk still attached 
to the wafer by wax. The swivel disk is 


released by gently heating the parts to 
melt the wax. 

This work was done by Richard Oeftering 
and Floyd Smith of Lewis Research Center. 
For further information , access the Technical 
Support Package (TSP), free on-line at 
www.nasatech.com under the Manufac- 
turing/Fabrication category, or circle no. 106 
on the TSP Order Card in this issue to receive 
a copy by mail ($5 charge). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Lewis Research Center, Commercial 
Technology Office, Attn: Tech Brief Patent 
Status, Mail Stop 7-3, 21000 Brookpark Rd., 
Cleveland, OH 44135. Refer to LEW- 15 922. 
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# Carbon/ Carbon Shield/Antenna Structure 

This strong, lightweight structure could withstand high temperature. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A proposed lightweight, off-axis reflector structure for a 
microwave communication antenna would be made of a car- 
bon/carbon composite material. The structure was conceived 
for use aboard the Solar Probe spacecraft, where it would also 
serve as a shield to protect the spacecraft against solar radia- 
tion at perihelion. The basic concept of the carbon/carbon 
reflector structure could be also adapted to design lightweight, 
strong, off-axis reflector structures for antennas to be used on 
Earth. 

Carbon/carbon was chosen as the class of structural materi- 
als because such materials offer a combination of light weight, 
high strength, good radio-frequency (RF) reflectance proper- 
ties, and low mass loss at high temperatures. Results of tests of 
candidate materials suggest that the proposed shield/antenna 
structure would function well at a temperature greater than 
2,000 K. The major drawback of materials in this class is that 
they are expensive. 

In the original Solar Probe application, the dual use of the 
structure as a solar shield and antenna reflector was made 
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possible by a fortuitous combination of optimum shield and 
antenna shapes that was effected by designing the spacecraft 
trajectory to obtain Sun/spacecraft/Earth quadrature at 
spacecraft perihelion. The combined shield/antenna would 
also enable a reduction of overall spacecraft diameter: 
According to an older design concept, the solar shield would 
be a separate, conical structure and the antenna reflector 
would lie within the shadow of the shield. The overall space- 
craft diameter according to that concept would be 4 meters. 
The overall diameter according to the proposed simplifica- 
tion would be reduced to 1 meter, and the overall mass and 
cost of the spacecraft would be concomitantly smaller. Of 
course, whether or not such simplification and reduction in 
size could be effected in other applications would depend on 
the geometries and design and operational requirements 
specific to those applications. 

This work was done by James Randolph of Caltech for NASA’s Jet 
Propulsion Laboratory. For further information, access the Technical 
Support Package (TSP) free on-line at www.nasatech.com under the 
Physical Sciences category, or circle no. 148 on the TSP Order Card in this 
issue to receive a copy by mail ($5 charge ). 
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® Software Models 
Processes in a Gaseous 
Chemical Reactor 

A simple, volume-averaged 
model provides guidance for 
designing reactors. 

Ames Research Center, Moffett Field, California 

The Simple Analysis of Materials Processing Reactors 
(SAMPR) computer code is meant for the analysis of plasma 
and nonplasma processes used in manufacturing semiconduc- 
tors. The code can also be used to analyze any chemical-pro- 
cessing reactor with gaseous (but not liquid) streams. 

The code implements a mathematical model that consists of 
balance equations for the total mass, mass of individual chem- 
ical species, and gas energy. In the case of plasma reactions, a 
plasma power balance is also included. 

The balance equations are volume-averaged; in other words, 
they represent a zero-dimensional (0-d) analysis. For this analy- 
sis to be valid, the reactor contents must be well mixed and not 
exhibit significant gradients of species concentrations or gas 
temperatures in any part of the reactor. Such perfect mixing 
conditions can be found in reactors used in chemical process 
industries. Such ideal conditions may not exist in reactors used 
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for etching, deposition, annealing, or performing any other 
functions in the course of manufacturing integrated circuits. 
Nevertheless, approximate solutions to somewhat idealized 
reactor conditions may be valuable in estimating overall con- 
version efficiency of feedstock, effluent concentrations, and 
energy utilization. 

SAMPR provides volume-averaged electron density, elecuon 
temperature, and concentrations of radicals and ions as func- 
tions of pressure, input power, and flow rates. Obviously, 
detailed information on the departure from uniformity of the 
plasma, and on fluxes of radicals and ions near a wafer in the 
reactor is lost in such a global model, but quantitative behavior 
of the plasma as a function of system parameters or the so- 
called “scaling laws” can be obtained very rapidly. Generation 
of such valuable knowledge with minimal computational 
resources is the attraction of this simple approach. 

Also, the results obtained from a 0-d model can provide 
guidance for further multidimensional simulations. Usually, in 
a semiconductor-processing situation, the numbers of chemi- 
cal species and reaction pathways are large. Multidimensional 
analysis with a large set of reactions and species is computa- 
tionally intensive. A 0-d analysis in such a case can be used 
effectively in a systematic study to generate a “reduced chem- 
istry set” that provides reasonable results. 

This work was done by M. Meyyappan of Ames Research Center 
and T. R. Govindan of Applied Research Laboratory. For further infor- 
mation, access the Technical Support Package (TSP) free on-line at 
www.nasatech.com under the Physical Sciences category, or circle no. 
142 on the TSP Order Card in this issue to receive a copy by mail 
($5 charge). 

Inquiries concerning rights for the commercial use of this invention 
should be addressed to the Patent Counsel, Ames Research Center; 
(650) 604-5104. Refer to ARC-13392. 


^ Automated Calibration 
of Temperature 
Transducers 

John F. Kennedy Space Center, Florida 

An automated system of laboratory equipment and comput- 
er hardware and software reduces the time that technicians 
must spend in calibrating temperature transducers. The labo- 
ratory equipment includes a controlled-temperature bath, two 
digital multimeters for processing the outputs of two tempera- 
ture transducers at a time, and standard interface bus circuitry 
for controlling and monitoring the bath and the multimeters. 
The operation of the laboratory equipment is controlled by 
equipment-specific software on a computer that runs Windows 
95 and is equipped with a standard general-purpose interface 
bus circuit card. A technician specifies data points for calibra- 
tion, and thereafter the software controls the calibration 
process. The process includes timed advances to subsequent 
temperatures and holding periods for stabilization at calibra- 
tion temperatures, with a sampling period of 1 second. The 
technician can leave the system unattended during the cali- 
bration process. Using manual techniques, it usually takes 
about half a day to calibrate two temperature transducers at 
three data points; using this system, it takes about two hours. 

This work was done by Timothy foe Ragain of United Space Alliance 
for Kennedy Space Center. No further documentation is available. 
KSC-1 1 988 
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New Motion 
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see page 20b 
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Linear Motors 




M Plug-and-play motion control 
is now a reality— thanks to the 
ESP6000’s auto-configuration 
capability. 


In addition to being plug-and-play with ESP stages, the 
ESP6000 is compatible with existing Newport stages. 
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The competition is spinning 
their wheels to figure out 
the new ESP6000’s auto- 
configuration capability. 
But you don’t have to move 
a muscle. 

Because the ESP6000 
Motion Controller delivers 
the ultimate in plug-and- 
play micropositioning. Right 
out of the box. Just connect 
the ESP6000 to as many as 
six Newport stages. Then 
hook up to your PC. That’s 
it — you’re done. 

And you don't have to worry 
about which stage you’re 
using. The ESP6000 is 
compatible with all ESP 
linear and rotary stages as 


well as with your existing 
Newport equipment. 

The system instantly iden- 
tifies every stage and 
automatically configures 
driver and motor parame- 
ters. All you do is dictate 
where you want to go and 
when you want to get there. 
The ESP6000 even han- 
dles data acquisition tasks, 
so you don’t need extra 
data acquisition cards. 

So the next move is yours. 
Just call 1-800-222-6440 
to find out how the 
ESP6000 fits into your 
application. Then kick 
back and don’t give motion 
control another thought. 
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For more details on Newport’s complete 
line of motion control products, request 
our 1997 Motion Control catalog today at 

www.newport.com/catalog 
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20b New Products 


On the cover 

Electroid Co. of Springfield, NJ, offers 
the SSB series of front-end brakes 
specifically designed as a solution to 
braking applications on stepper and 
servo motors. See page 20b for new 
motion control products. 

Photo courtesy Electroid Co. 
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INTEGRATION.* 

MOTIONahpSeQUENTIAL 


ROCKWELL 
AUTOMATIONS 
NEW APPROACH 
INTEGRATES MOTION 
CONTROL ON A 
COMMON 
HARDWARE AND 
SOFTWARE 
PLATFORM. 


T 


ypicaily, performing motion 
control functions requires the 
use of a dedicated motion 
controller separate from an 
application’s programmable 
controller. These two devices must then 
be linked together using hard-wiring, a 
serial interface, or some other commu- 
nication interface. The resulting system 
is frequently difficult to program and 
maintain, and may suffer performance 
problems as well. For example, users 
must write separate application pro- 
grams for both controls, typically with 
two different programming packages. 

Rockwell Automation’s new modular 
approach involves a controller and one 
or more motion modules, all residing in 
the same hardware chassis as the con- 
troller. The controller plays an expand- 
ed role, to include motion instructions 
embedded in firmware. The general- 
purpose programming software provides 
full motion programming and configu- 
ration support for die controller. 


tUWIKUL ■■■ "u 

COMPONENTS 

The three components of this new 
approach are: 

♦ Controller(s) . The controller is an 
Allen-Bradley Logix5550'" controller 



FIGURE 1. The 2-Axis servo module (front) for the ControlLogix system (back). 


from Rockwell Automation. The 
controller is part of the Allen-Bradley 
ControlLogix'" system, a control 
architecture for sequential, process, 
and motion control applications. As 
the heart of this approach, the con- 
troller performs all of the high-level 
motion command execution and 
motion trajectory planner functions, 
in addition to the traditional sequen- 
tial control (counting, timing, shift- 
ing) functions. The 27 motion com- 
mands embedded on the controller 
support a range of motion functions 
from simple point-to-point moves to 
more complex ratioing moves. These 
motion commands are based on 
those found in other commonly used 
motion controllers. Up to eight servo 


modules (or 16 axes) can be con- 
trolled by a single controller. 

♦ Motion modules. The motion mod- 
ule is the 2-axis servo module for 
the ControlLogix system (Figure 1). 
It provides two channels of 16-bit 
analog output, and two channels 
of quadrature encoder input. This 
allows it to connect to a wide variety 
of servo drives. All needed config- 
uration parameters are sent to the 
motion module by the controller. As 
a result, the motion module does not 
require separate configuration or 
programming. The module contains 
a digital signal processor (DSP) that 
provides very fast 100-ps fine trajecto- 
ry planner, position loop, and veloci- 
ty loop closure. Continued 
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New, Hollow Shaft 
Gearing SHF Series 

Featuring a through-bore up to 70 mm in diameter, 
the SHF Series component sets and gearheads 
enable the design engineer to pass shafting, wire 
bundles, or other components directly through the 
center of the gear. The new SHF Series provides 
high accuracy in a compact design. This unit 
design is both axially shorter and lower in weight, 
as compared to conventional harmonic drive 
gearing. This is accomplished by using HD 
Systems patented “S’ tooth profile. Rated torques 
up to 6590 in-lb and positional accuracy better 
than 2 arc-min can be achieved. Gear reduction 
ratios of 50:1 through 160:1 are available in a 
single stage. 

HD Systems, Inc. - (800)231 -HDSI 



Hollow Shaft DC 
Brushless Actuators 

The FHA Series of actuators feature a through- 
bore up to 45 mm in diameter and provide high 
torque and exceptional positioning accuracy. This 
performance is achieved in a compact design 
using a patented “S” tooth harmonic drive gear 
coupled to a DC brushless pancake motor with 
integral electronic commutation and a high 
resolution encoder. Rated torques up to 1730 in-lb 
and positional accuracy better than 1 arc-minute 
can be achieved. The FHA Series is available in 
five frame sizes, ranging from 128 to 300 mm in 
diameter, and 1 16 to 248 mm in length. 

HD Systems, Inc. - (800)231 -HDSI 


Miniature DC Servo 
Actuators Mini RH Series 


swt® a a 


HD Systems offers a line of miniature DC servo 
actuators for use in applications such as robotics, 
instrumentation, and factory automation where 
precise motion control is required. The actuators 
combine zero backlash harmonic drive gearing 
with rare-earth magnet DC servo motors to 
provide both high torque and positional accuracy better than 2 arc-minutes. Rated torques of 2.6 thru 56 in- 
lb and rated speed of 15 thru 60 rpm are available depending on frame size and gear ratio. The smallest 
actuator measures just 20 mm in diameter. Encoders and/or tachometers are available as an integral part of 

the actuator HD Systems, Inc. - (800)231 -HDSI 


The CSF Series... 

Zero Backlash... 

Twice the Torque- 
Double the Life- 
Half the Size! 
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Conventional 
Harmonic Drive Gearing 


The CSF Series 


K 

SYSTEMS 


3 


New York USA 
800-231 -HDSI 
Tel: 516-231-6630 
Fax: 516-231-6803 
www.HDSystemslnc.com 


HD Systems offers higher performance 
harmonic drive gearing using its patented 
“S" tooth profile. The CSF Series provides 
higher torque, higher torsional stiffness, 
and longer life, all in a smaller package 
while maintaining accuracy and efficiency. 
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MAM 

MOTION AXIS MOVE 


AXIS: 

MOTION: 

MOVETYPE: 

POSITION 

SPEED: 

ACCEL 

DECEL 


Feed 

Move_1 

Incremental 

36 

Stop 1 
600 

Feeder High Speed 
50 

Feeder Accel 
50 

Feeder_Decel 

50 


(EN) 
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(ER) 
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FIGURE 2. Five motion instruction tabs provide access to the 27 motion 
commands. For example, executing a move is a simple matter of plac- 
ing a move command in a ladder logic rung by selecting the "Motion 
Move" tab and clicking on the MAM instruction and entering the spec- 
ified parameters. 


♦ Programming environment. The 
standard programming package for 
the controller, RSLogix5000™ soft- 
ware, also provides complete pro- 
gramming, configuration, and com- 
missioning support for motion con- 
trol. This allows users to easily per- 
form sequential control and motion 
control programming within a single 
environment. When a motion mod- 
ule is added to the system, the user 
is stepped through configuration of 
each axis, including initiation of 
autotuning for determining axis 
gains and dynamics. All configuration 
and application program informa- 
tion is downloaded to the controller 
for execution. 

SYSTEM OPERATION 

Using this approach to perform multi- 
axis closed-loop control of a servo system 
consists of two major parts. The first is a 
high-speed Motion Task that runs in the 
controller and generates position and 


velocity trajectory in- 
formation based on 
commands received 
from motion instruc- 
tions executed in the 
application program 
(Figure 2). The posi- 
tion and velocity tra- 
jectory information is 
then sent transparent- 
ly, over the backplane 
of the hardware chas- 
sis, to one or more 
motion modules, 
where a 100-ps fine 
trajectory planner, 
position loop, and 
velocity loop is 
closed. The motion 
module returns posi- 
tion, velocity, and sta- 
tus information to 
the controller, where 
it can be used by the 
trajectory planner or application pro- 
gram. A service is supported in the chas- 
sis that fully synchronizes one or more 
controllers and up to 16 two-axis motion 
modules per controller. 

The second major part of the motion 
system involves the use of the controller 
to perform asynchronous services to 
configure the motion system or to mon- 
itor the current state of the system. The 
controller’s Motion Task exists in one of 
the three states of operation: idle, con- 
figuration, or run. On power-up, the 
Motion Task is in the idle state. Upon 
receipt of a service request, the Motion 
Task checks to see whether the axis 
instance is within an allowable range. If 
it is, the system transitions to the config- 
uration state. Here, attributes such as 
the motion module’s slot number are 
checked for duplication to prevent a 
user from associating multiple axis 
instances with a specific motion mod- 
ule. In the run state, the motion system 
is fully configured, and the loop is 
closed upon request by the motion 
module. 


BENtrrn 

ARE SEVERAL 

The benefits of this new approach 
include higher system performance, 
faster application development and 
integration, and easier maintenance. 
Performance is increased because the 
controller and motion module reside on 
the same hardware chassis, for faster 
communication than is possible over a 
multinode network. 

Performance is enhanced because 
the elements that usually require tight 
synchronization — sequential control 
and motion command execution/tra- 
jectory planner — are executed on the 
controller, while the high-speed posi- 
tion and velocity loop are closed on the 
motion module (Figure 3). Because of 
this modular, distributed approach, it 
is possible to maintain fast position- 
and velocity-loop closure while main- 
taining tight synchronization of the 
logic and motion command execu- 
tion/trajectory planner functions. In 
cases where fast scan times or faster tra- 
jectory planner update rates are 
required, additional controllers can be 
placed in the chassis. 

Startup and maintenance times are 
decreased. Synchronizing the con- 
troller and motion no longer requires 
two separate “boxes” connected over a 
network, but instead is handled in a 
manner transparent to the user. The 
system’s integrated programming envi- 
ronment enables faster development of 
application programs, more complete 
integration, and improved ease of 
maintenance because the same pro- 
gramming environment is used for 
both motion and sequential control 
during development and operation of 
the system. 


This work was done by Gregg Meinert of 
Rockwell Automation, Mayfield Heights, OH, 
and Bob Hirschinger, Rockwell Automation, 
Mequon, WI. For more information, 
please call (800) 223-5354, ext. 0733. 
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FIGURE 1. The three components of an integrated motion system are the programming environment, controller, and motion module. 
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Harmony is the Key to Your 
Control System’s Performance. 



CONTROL 


Lower costs, improved throughput, 
higher quality, lower downtime, 
increased flexibility... These are the key 
advantages you can expect when proven, 
pre-integrated Rockwell Automation 
products are brought together in harmony. 
Like our ControlLogix system for 
synchronized motion and sequential 
control using a common hardware and 
software platform. And as the world’s 
leading supplier of automation equipment, 
we offer much more than off-the-shelf 
solutions: 

• Consultation and support throughout 
every phase of your project 

• Global back-up services and 
distributor network. 


*1* Rockwell Automation 


Allen-Bradley 
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Music to your ears? 
Call for details. 
1-800-223-5354, 
ext. 0735. 


ControlLogix 2-Axis 
Servo Module 




We provide pre-integrated solutions 
in tune with your application 



Magnetostrictive Inertial-Reaction Linear Motors 

Fine positioning could be achieved at temperatures from near absolute zero to ambient. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Linear-translation motors containing 
inertial-reaction masses driven by mag- 
netostrictive actuator elements are 
undergoing development. These motors 
could be used to make fine position 
adjustments in diverse scientific and 
industrial instruments that operate at 
temperatures ranging from near ab- 
solute zero to room temperature; for 
example, they could be used to drive 
translation stages in scanning tunneling 
microscopes that operate at liquid-heli- 
um temperature (4 K) , or to move cryo- 
genic-temperature optical elements that 
must be located at long but precise dis- 
tances from each other (as in interfer- 


ometers) . [These motors should not be 
confused with proposed magnetostric- 
tive motors that would move in “inch- 
worm” fashion and would be used for 
similar purposes, described in “Mag- 
netostrictive Actuators for Cryogenic 
Applications,” NASA Tech Briefs, Vol. 20, 
No. 3 (March 1996), page 84.] 

An inertial-reaction motor includes a 
platform that slides along a pair of 
tracks. One end of an electrically driven 


linear actuator is mounted on the plat- 
form, and a substantial mass (the iner- 
tial-reaction mass) is attached to the 
other end. The actuator can be made to 
move the mass, rapidly or slowly, along a 
short range parallel to the track. If the 
mass is driven with sufficient accelera- 
tion that the reaction force overcomes 
the friction between the platform and 
the track, then the platform moves a 
short distance along the track. If, follow- 
ing a rapid stroke in the forward direc- 
tion, the mass is driven relatively slowly 
in the reverse direction, then the reac- 
tion force is insufficient to overcome 
friction, and thus the platform remains 


in the position to which it moved during 
the forward stroke. By driving the actua- 
tor with a sawtooth waveform at the 
appropriate amplitude and frequency, 
one can cause the actuator to repeat this 
action and thus move the platform in a 
succession of small steps. The total dis- 
tance traveled can range from a single 
step to the length of the tracks, which 
could be as much as 1 m or more in 
some instruments. The motion can be 


reversed by inverting the waveform dri- 
ving the actuator. 

The principle of operation as de- 
scribed thus far does not call for any par- 
ticular type of linear actuator. Here- 
tofore, inertial-reaction motors have 
been constructed with piezoelectric 
actuators. However, piezoelectric actua- 
tors exhibit diminished performance as 
temperature decreases into the cryo- 
genic range; at liquid-helium tempera- 
tures (about 4 K), piezoelectric actua- 
tors perform poorly. 

Unlike piezoelectric actuators, mag- 
netostrictive actuators perform well at 
temperatures from ambient down to 4 K 
and below; indeed, magnetostrictive 
actuators reach their performance peaks 
at cryogenic temperatures, while at 
room temperature, they produce strokes 
about 7 times as large as those of com- 
parable piezoelectric actuators. More- 
over, if the magnetostrictive linear actua- 
tors for cryogenic inertial-reaction mo- 
tors are constructed with superconduct- 
ing solenoids, then the conversion of 
electrical to mechanical energy could be 
more efficient. 

The feasibility of magnetostrictive 
inertial-reaction motors has been dem- 
onstrated in tests of such a motor built 
with a commercial room-temperature 
magnetostrictive actuator (see figure). 
Incremental motions as small as 100 nm 
have been achieved. With further devel- 
opment, it should be possible to achieve 
increments as small as 10 nm. 

This work was done by Christian Linden- 
smith and Robert Chave of Caltech for 
NASA’s Jet Propulsion Laboratory. For 
further information, access the Technical 
Support Package (TSP) free on-line at 
wumnasatech.com under the Mechanics cat- 
egory, or circle no. 134 on the TSP Order 
Card in this issue to receive a copy by mail 
($5 charge). NPO-20153 



This Magnetostrictive Inertial-Reaction Motor is a proof-of-concept model that has been shown to 
produce incremental motions as small as 100 nm. 


Device for High-Pressure Fused Deposition of Engineering 
Polymers From Feed Rods 

New technology builds a solid object from true functional engineering materials. 

Marshall Space Flight Center, Alabama 


A more versatile delivery system for 
fused deposition has recently been 
developed. This system uses a very stiff, 
precise, and compact actuator to drive a 
small piston/cylinder extruder that has 


a heated nozzle. Because feed rods are 
used as the feed material, this newly 
developed delivery system does not have 
the materials limitations of conventional 
delivery systems. 


This innovative technology is a 
mechanical assembly that can achieve 
high extrusion pressure that can be con- 
structed in a compact enough form to 
retrofit existing fused deposition sys- 
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WHEN THEY NEED THE BEST, 

THE BEST CALL ON BETATRONIX FOR: 

■ LINEAR MOTION POTENTIOMETERS 
H POTENTIOMETER SWITCH MODULES 
N MOTOR POTENTIOMETER ASSEMBLIES 
H ARC SEGMENT POTENTIOMETERS 
H GEAR POTENTIOMETER ASSEMBLIES 
N MULTI-TURN POTENTIOMETERS 
M MINIATURIZED POTENTIOMETERS 
H SYNCHRO POTENTIOMETERS 
H CONCENTRIC SHAFT POTENTIOMETERS 




Whatever your I« 14 ( IIC j AEROSPACE & 
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designer and 

manufacturer of wirewound and conductive plastic custom precision potentiometers 
in the U.S. Whether you have a final specification or are facing a difficult design 
problem, Betatronix can help. We specialize in meeting specs other manufacturers 
claim are impossible, including tighter accuracies, unique packaging, reduced size, 
operation in extreme environments and extended life. For more information and a 
free copy of our all-new catalog, please visit our website or call 1-800-411-8799. 




VISIT OUR INTERACTIVE WEBSITE TODAY 
FOR AN IMMEDIATE PRICE QUOTE 
FROM YOUR CUSTOM SPECIFICATIONS! 

www.betatronix.com 
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Wsr^ CUSTOM PRECISION POTENTIOMETERS 


Betatronix, Inc., 1 10 Nicon Court, Hauppauge, NY 1 1788 N PHONE: (516) 582-6740 M FAX: (516) 582-6038 
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terns. The heart of this mechanical sys- 
tem is the combination of a hollow cylin- 
drical servo motor and a ball screw, 
which are used to directly drive the pis- 
ton of a piston extruder. The end of the 
screw is secured on a plate, which slides 
on four posts to provide counterrota- 
tion. This plate also prevents any axial 
misalignment of the screw and houses 
the load cell. The four posts provide a 
frame that attaches to a top plate to sup- 
port the motor and a bottom plate to 
support the cylinder of the piston 
extruder. These elements form a very 
stiff mechanical linkage with very low lag 
or backlash and produce very precise 


volumetric displacement of material. 

The cylindrical pancake motors for 
this invention were designed to elimi- 
nate gear reductions and avoid backlash 
in direct- drive equipment. Because the 
stator has been moved to the outside of 
the rotor, these motors produce very 
high torque at extremely low and con- 
trolled angular velocities. The increased 
radius and mass of the rotor translate to 
very high torque and rotor inertia. Also, 
the cylindrical motor is hollow, which 
allows the ball nut to fit inside the 
motor. This makes the actuator assembly 
very compact. 

Two configurations of the high-pres- 



T HE LINEAR MOTION PEOPLE 


4950 EAST 49TH STREET 
CLEVELAND, OHIO 44125-1016 USA 
[21 6) 271 -7900 • FAX [21 61 271 -7020 
WEBSITE: NOOKIND.COM 
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Cutaway of 
Bronz Ac lv Nuf 
and Steel Flange 


2-C (centralizing) thread form elimi- • More than 60 combinations of di- 
nates wedging and binding be- ameter and pitch to choose from, 
tween the screw and nut. Sizes 1/4" to 5" for larger diameter 

_ capabilities. 

Burnished finish screw thread sur- 
face provides efficient controllable Call 1-800-321-7800 today and re- 
motion for the bronze or plastic quest your FREE PowerAc™ Design 
travel nut. Guide. 



A completed ACR in-house High-Pressure Fused- 
Deposition System is depicted in this photo. 


sure deposition were fabricated. One 
configuration was designed to retrofit 
into a Statasys Fused Deposition 
Modeler (FDM) . The second configura- 
tion was designed for an Advanced 
Ceramics Research, Inc., (ACR) in- 
house fused deposition system. In the 
FDM, the head is moved in the horizon- 
tal plane and material is deposited onto 
a base that is moved vertically. In the 
ACR in-house system, the head is mount- 
ed on a stationary bridge and material is 
deposited onto a base which is moved in 
the horizontal plane and vertically 
beneath the head. The ACR system has 
more piston displacement, but the basic 
design of both units is the same. 

This innovative technology has been 
used to ffee-form a number of impor- 
tant functional materials, such as poly- 
aryletherketone, polycarbonate, ther- 
moplastic polyurethane, and polylactic 
acid/polyglycolic acid block copolymer. 
This delivery system has also been used 
to fabricate green bodies that were sub- 
sequently fired to high density, includ- 
ing alumina, yttria stabilized zirconia, 
and silicon nitride. 

Testing of these materials showed that 
the mechanical properties of the materi- 
als systems developed with this new in- 
vention greatly surpassed those of other 
free-formed polymer materials. 

This work was done by Peter Creegan, Robert 
Hoffman, and Gabriel Chambers of Advanced 
Ceramics Research, Inc., and Kevin Stufjle of 
Materials and Machines, Inc., for Marshall 
Space Flight Center. For further infor- 
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com un- 
der the Manufacturing/ Fabrication category, 
or circle no. 135 on the TSP Order Card in this 
issue to receive a copy by mail ($5 charge). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to the Patent Counsel, Marshall Space Flight 
Center; (205) 544-0021. Refer to MFS-26446. 


8b 


For More Information Circle No. 660 


June 1998 



ADVERTISEMENT 



I . 









] 



News from the Federal Laboratory Consortium for Technology Transfer (FLC) — 
the nationwide network of federal labs that provides the forum to develop strategies and 
opportunities for linking technology with the mission and the marketplace. 


INTO TH-G RJTURG...Withover700 

Federal labs and 16 agencies, the Federal Laboratory Con- 
sortium takes the lead in technology transfer into the 21st 
Century. Offering vast resources — technology, expertise 
and patents in all scientific areas — many of our R&D labs 
have T&E as well, additional capabilities to test and evaluate. 
One step closer to market.... 

Call our expert lab sources for answers to your individual 
needs — CRADA assistance, a specialized technology, licens- 
ing advice, etc. It’s “one-stop shopping.” And look for 
FLC’s list of Critical Technologies, cutting-edge inventions 
that meet and integrate with industry demands. Expect to 
“shop” globally. Soon technology transfer with international 
lab and industry partners will be as commonplace as tech- 
nology collaborations at home. 

THE FLC LOOKS AHEAD.. .IN AGRICULTURE, 
NUTRITION, TRANSPORTATION... 

Seeing the Forest and Trees... usda Forest 

Service Chief Mike Dombeck unveiled the Natural 
Resource Agenda for 2000 and beyond to meet the needs 
of Americans, as well as protect the environment. The 
agency is committed to watershed restoration and mainte- 
nance, sustainable forest ecosystem management, forest 
roads and outdoor recreadon. 

Fungus Foiled. . .A new and better test developed by 
Agriculture Research Service researchers that detects a 
harmful fungus ( Phomopsis Longicolla ) causing seed decay 
and discoloration in harvested soybean seeds, can be easily 
adapted for commercial use. Isolating a unique genetic 
sequence (DNA) in the fungus, the ARS method can dis- 
tinguish the fungus from similar fungi infecting soybean 
seeds. Glenn Hartman, 217/244-3258. 

Soil Saver... 1997 FLC 
Award-winner saved about 
one million tons of soil on 
an estimated 50,000 acres 
of furrow-irrigated land in 
its first year of commer- 
cialization. The novel fur- 
row-irrigation erosion control technology halts irrigation-in- 
duced erosion by small additions of water-soluble 
polyacrylamide (PAM) to irrigation water. The developer, 
the USDA-ARS Northwest Irrigation and Soils Research Lab 
of Kimberly, Idaho, worked with CRADA partner Cytec 
Industries. Rick Lentz, 208/423-6531. 


HOPE Has Heart.. • U.S. Army’s National Auto- 
motive Center (NAC) and the Tank-Automotive and 

Armaments Command 
(TACOM), of which it 
is a part, work with 
Focus: HOPE, a civil/ 
human rights organi- 
zation of over 700 
employees, 49,000 sup- 
porters. HOPE’S food 
and technology training programs — FAST TRACK, 
Machinist Training Institute, Center for Advanced 
Technologies (CAT) — help solve area economic/racial 
problems and provide skilled workers for commercial 
enterprises. Together they developed a metal matrix 
machining process in- 
volving piston proto- 
types for military and 
commercial vehicles, 
a CRADA for advanc- 
ing machine tool tech- 
nologies, and many 
other manufacturing 
projects. CAT and 
U.S. Army, partners since 1989, continue with new, chal- 
lenging ventures. Joe Petrosky, Technical Manager, 
313/494-4274. 

NAC Track. . •Your company can work with the NAC 
in Michigan to develop dual-use automotive technologies 
to meet both industry and government needs. NAC works 
with industry giants as well as start-ups to improve vehicle 
performance, safety and endurance while reducing de- 
sign, manufacturing, operation and maintenance costs. 
TACOM/NAC also developed the Hybrid HMMWV, the 
hybrid electric drive approach project for military ground 
vehicles and the commercial automotive market, with signi- 
ficant performance improvements. Questions? Call NAC 
representative, 810/574-5793. 

Web Work.. •The Agricultural Research Service 
(ARS) Quarterly Report, at http://www.ars.usda.gov/is/ 
qtr/, provides updates on current USDA projects, with ARS 
patent info and contact scientists familiar with each pro- 
ject. For 13,000 ARS research summaries, check ARS TEK- 
TRAN database, http://www.nalusda.gov/ttic/tektran/ 
tektran.html. Or http://cristel.nal. usda. gov:8080, the 
USDA Current Research Information System (CRIS) of 
nearly 33,000 project summaries, and USDA’s latest pro- 
gress reports, recent publications. 
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Navigation and Control of Continuous Mining Systems 

Advanced technologies improve the accuracy of 
continuous mining systems. 

National Institute for Occupational Safety and Health, 

Pittsburgh, Pennsylvania 


Research conducted at the Pittsburgh 
Research Center (formerly U.S. Bureau 
of Mines) developed technology that 
will allow computer-assisted operation of 
mechanized equipment normally used 
in underground room-and-pillar coal 
mining, while permitting workers to be 


located away from the hazardous coal 
extraction area (the face). Advanced 
navigation and control technologies 
developed for underground room-and- 
pillar and highwall coal mining can be 
applied to commercially available min- 
ing equipment. The technology being 


developed uses off-the-shelf compo- 
nents, minimizing the effort required to 
adapt it to mining equipment. Because 
the new developments are completely 
modular, only the modules required in a 
particular application need be used on 
the system. 

The most important requirement for 
a computer-assisted mining system is an 
accurate, reliable navigation system 
that is mounted on the mining machine 
to provide the continuous miner’s loca- 
tion at all times. The navigation system 
provides information allowing the 
machine to cut to a predetermined 
mine plan. Many different navigation 
devices were evaluated in an effort to 
identify the best one for use on the 
machine. The Honeywell ring laser 
gyro known as HORTA was selected as 
the best navigation device for the appli- 
cation. The data provided by the gyro 
includes position of the machine in 
state plane coordinates (feet); position 
of the appendages of the mining 
machine in state plane coordinates; 
heading of the mining machine 
(degrees); pitch, roll, and yaw of the 
machine (degrees); altitude above sea 
level, cross-track and along track. 

Investigators developed a fieldbus 
style of control network based on BIT- 
BUS standards that allows non-line-of- 
sight control of all the mining 
machine’s moving parts. The control 
network consists of a microcontroller 
board in a 19-in. rack in the control 
center that attaches to a single-board 
PC plugged into a passive PC back- 
plane. The two ends of the control net- 
work are connected with a twisted cable 
pair. The network uses a second field- 
bus network to provide data collection 
of the positions of all the moving parts 
of the mining machine, as well as the 
status of the machine’s critical parame- 
ters, such as motor currents, hydraulics, 
pressures, temperatures, and other rel- 
evant parameters. This network consists 
of sensors, signal conditioning mod- 
ules, and a microcontroller board on 
the continuous miner, and a PC card 
that plugs into a passive PC backplane 
in the 19-in. rack. The two ends of the 
data network are connected with a twist- 
ed-pair cable. The third connection 
between the machine and the 19-in. 
rack is two twisted-pair cables that con- 
nect the machine-mounted gyro to a PC 
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card that is plugged into the PC passive 
backplane. The controller software is 
the key element for providing advanced 
mining operations. By using the data 
collected from all the continuous 
miner’s sensors and the gyro and by 
executing commands on the miner, the 
controller is able to do complete coal- 
cutting scenarios. 

Many modules can and have been 
added to the design. Each module adds 
another level of sophistication to the 
system. Using this method, the technol- 
ogy is capable of adapting to the most 
primitive or most sophisticated appli- 
cation, simply by adding the modules 
required for the application. The figure 
at right shows the system’s capabilities. 
The visualization system uses the col- 
lected machine data to provide accu- 
rate 3D graphic representation of the 
mining machine and associated hard- 
ware and its movements. Software 
called Minenav is being developed to 
provide navigation to the controller 
computer that will execute a complete- 
ly orchestrated mining plan from start 
to finish, using navigation and sensor 
data. The coal interface detection 
application (CID) will provide informa- 
tion about the thickness of the coal on 
the roof and floor, and can also provide 
information about the thickness of a rib 
of coal. 

This work was done by William H. 
Schiffbauer of the National Institute for 
Occupational Safety and Health. For 

further information, contact Schiffbauer at 
NIOSH, Pittsburgh Research Center, PO 
Box 18070, Pittsburgh, PA 15236-0070; 
(412) 892-6835; E-mail: wcs7@cdc.gov 
(on Internet). 
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Earthwormlike 

Exploratory 

Robots 

Mobility would be achieved 
through coordinated actions 
resembling peristalsis. 

NASA 5 Jet Propulsion Laboratory, 
Pasadena, California 

Mobile robots that would resemble 
earthworms have been proposed for use 
in exploring remote, hostile, or inacces- 
sible terrain surface and subsurface envi- 
ronments. This class of robots would be a 
special case of a more general class of 
proposed small, lightweight, relatively 
inexpensive exploratory robots. Bio- 
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Straightening of these jointed plates steamlines 
the front end, facilitating penetration of soil. 
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Shortening/Widening and Elongating/Narrowing motions of the segments would be timed to generate an overall peristaltic motion like that of an earthworm. 
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morphic explorers would exploit the emerging technology of 
biomorphic controls and advanced actuators. They would 
achieve motion by use of simple electronically or photonically 
controlled, flexible advanced actuators instead of convention- 
al motors with complex drive trains. The robots would carry 
advanced microsensors for measuring or detecting specific 
objects or substances. Animallike combinations of mobility, 
adaptability, fault tolerance and a limited capability for “learn- 
ing” would be achieved by integrating the actuators with very- 
large-scale integrated (VLSI) circuits that would implement 
neural-network and/or genetic algorithms. 

The proposed earthwormlike robots would be flexible in the 
sense that they would be foldable in segments. The first several 
segments at one or both end(s) of each robot would generate 
motion. These segments would be covered with hinged plates 
connected to interior actuators (see figure on page 12b). Upon 
command, the interior actuator in each segment would shorten 
or lengthen the segment, causing the plates to buckle outward 
or to move inward to straighten, respectively. A wave of short- 
ening/buckling versus lengthening/straightening, resembling 
the peristaltic motion of an earthworm, could be generated by 
sending coordinated, sequential contraction and expansion 
commands to the actuators in the segments. By this action, the 
robot could move along the surface or burrow beneath the sur- 
face of terrain. The direction of travel could be reversed by 
reversing the sequence of buckling and straightening. 

Special-purpose microsensors could be housed in one or 
more end or middle segment(s) . The tips on the end segments 
could be sharpened to facilitate penetration of soil. Alter- 
natively or in addition, the tips could contain sensors and/or 
mechanisms to collect samples. 

The design of the robot, including the details of the mobili- 
ty features and the choice of sensors, would be specific to the 
intended application. For example, an earthwormlike robot 
might be designed to probe earthquake rubble to find missing 
persons and animals. The sensors for this application could 
include a miniature active-pixel-sensor video camera, a tem- 
perature sensor, and microspectrometer for detecting carbon- 
ates, water, and other chemical signs of life. 

This work was done by Sarita Thakoor, Kim Quillin, Alex 
Fukunaga, John Michael Morookian, and Adrian Stoica of Caltech 
for NASA’s Jet Propulsion Laboratory. For further information , 
access the Technical Support Package (TSP) free on-line at 
www.nasatech.com under the Machinery /Automation category , or 
circle no. 138 on the TSP Order Card in this issue to receive a copy by 
mail ($5 charge). NPO-20266 


Miniature Multispeed 
Transmissions for 
Small Motors 

Transmissions would be batch-fabricated 
using micromachining technologies. 

NASA ’s Jet Propulsion Laboratory, 

Pasadena, California 

A design has been developed for manufacturing multispeed 
transmissions that are small enough to be used with minimotors 
— electromagnetic motors with power ratings of less than 1 W. 
Like similar, larger systems, such as those in automobiles, the 
proposed mechanism could be used to satisfy a wider dynamic 
range than could be achieved with fixed-ratio gearing. 
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However, whereas typical transmission components are 
machined individually and then assembled, this device would 
be made using silicon batch-fabrication techniques, similar to 
those used to manufacture integrated circuits and sensors. 

Until now, only fixed-ratio gear trains have been available for 
minimotors, affording no opportunity to change gears in oper- 
ation to optimize for varying external conditions, or varying 
speed, torque, and power requirements. This is because con- 
ventional multispeed gear-train geometries and actuation tech- 
niques do not lend themselves to cost-effective miniaturization. 
In recent years, the advent of microelectromechanical systems 
(MEMS) and of micromachining techniques for making small 
actuators and gears has created the potential for economical 
mass production of multispeed transmissions for minimotors. 
In addition, it should be possible to integrate these mechanisms 
with sensors, such as tachometers and load cells, as well as cir- 
cuits, to create integrated silicon systems, which could perform 
closed-loop speed or torque control under a variety of condi- 
tions. In comparison with a conventional motor/ transmission 
assembly, such a package would be smaller and lighter, contain 
fewer parts, consume less power, and impose less of a computa- 
tional burden on an external central processing unit (CPU). 

Like conventional multispeed transmissions for larger 
motors, miniature multispecd transmissions would contain 
gears, clutches, and brakes. However, the designs would be 
more amenable to micromachining and batch fabrication. Gear 
stages would be nestled one inside the other (see figure on 
page 14b), rather than stacked one over the other, creating a 
more planar device. Actuators and the housing would be fabri- 
cated on separate layers. The complex mechanical linkages and 
bearings used to shift gears in conventional transmissions 
would not be practical at die small scales of interest here. 
Promising alternatives might include electrostatic-friction locks 
or piezoelectric actuators. For example, in the transmission 
depicted in the figure, piezoelectric clamps would serve as actu- 
ators in dutches and brakes. 

The structures would be aligned and bonded, followed by a 
final etch to release the moving parts. The entire fabrication 
process can be automated, making it both precise and relative- 
ly inexpensive. The end product is a “gearbox on a chip,” which 
can be “dropped" onto a compatible motor to make an inte- 
grated drive system. 

This work was done by Indrani Chakraborty and Linda Miller of 
Caltech for NASA’s Jet Propulsion Laboratory. For further infor- 
mation, access the Technical Support Package (TSP) free on-line at 
urww.nasatech.com under the Machinery /Automation category, or cir- 
cle no. 139 on the TSP Order Card in this issue to receive a copy by mail 
($5 charge). NPO-20316 


A Technique For 
Compensating Joint Limits 
in a Robot Manipulator 

Upon saturation of a joint, control demand 
is redistributed among remaining 
unsaturated joints. 

I earns Research Center, Cleveland, Ohio 

A robust, optimal, adaptive technique for compensating 
rate and position limits in the joints of a six-degree-of-free- 
dom manipulator has been developed. In this new algo- 
rithm, the unmet demand as a result of actuator saturation 
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Robot 



Robot Joint Commands are used with optimal joint limit compensation. The unmet demand, which would otherwise saturate a joint, is fed back through 
the optimal gains to provide supplemental commands to joints with authority remaining. 
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is redistributed among the remaining 
unsaturated joints. The scheme is 
used to compensate for inadequate 
path planning, problems such as joint 
limiting, joint freezing, or even obsta- 
cle avoidance, where a desired posi- 
tion and orientation are not attain- 
able due to an unrealizable joint com- 
mand. Once a joint encounters a 
limit, supplemental commands are 
sent to other joints to best track, 
according to a selected criterion, the 
desired trajectory. 

A standard six-degree-of-freedom 
manipulator has six independently 
controlled joints. The position and 
orientation of the end effector, each 
of which is described in three dimen- 
sions, are fully determined by the 
angles of the joints. As long as the 
appropriate joint angles are achiev- 
able, the desired position and orienta- 
tion can be obtained. However, when 
the specified joint trajectories cannot 
be followed due to a command be- 
yond the range of the actuator, posi- 
tions and orientations downstream 
from the limited joint will all be affect- 
ed, causing in some cases extreme 
deviations from the expected values. 
This new scheme is an ideal solution 
candidate for this problem. It was 
designed to compensate for actuator 
saturation in a multivariable system by 
supplementing the commands to the 
remaining actuators to produce the 
desired effect on the output, in this 
case the gripper position and orienta- 
tion. For each joint which saturates, a 
degree of freedom is lost, but the 
remaining joints can be used to track 
the desired path within the physical 
limits of the manipulator. 

The matrix known as the Jacobian,/, 
describes how a small change in the 
joint positions, dq, affects the gripper. 
The resulting position and orientation 
change of the end effector, D, is com- 
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puted as D = Jdq. When a joint is com- 
manded to move beyond its limit, a 
portion of the command cannot be 
achieved. This unmet demand, A q, 
represents the amount the joints 
should move but cannot. The result- 
ing error in position and orientation 
of the end effector can be approxi- 
mated by D=JAq. The objective of this 
new scheme is to duplicate D as close- 
ly as possible using joints with authori- 
ty remaining. 

The figure shows the scheme with 
the optimal gains in the feedback 
loop. The commands, q, are checked 
to verify that they will not drive any of 
the joints to a rate or position limit. 
Any portion of a command which 
would cause a joint to saturate corre- 
sponds to unmet demand and is trun- 
cated and redirected to the feedback 
gains. The gains take this unmet 
demand, A q, and produce some sup- 
plemental commands to unsaturated 
joints, q*, such that JAq and J q* are as 
close as possible. These supplemental 
commands allow the end effector to 
optimally track its desired trajectory, 
even in the face of joint position and 
rate limits. Since the algorithm acts 
upon the joint commands only, there 
is never the possibility of an unstable 
system resulting from the use of this 
algorithm. 

The optimal feedback gains are 
computed using a quadratic objective 
function with task-dependent weights 
assigned to the components of the 
position and orientation vector of the 
end effector. The gains adapt to 
changes in the Jacobian as the manip- 
ulator moves through its workspace, 
and the computations are robust to 
singularities arising from particular 
manipulator configurations. This pro- 
vides smooth, continuous variation of 
the optimal gains for as long as A q is 
nonzero. 

This work was done by Ten-Huei Guo of 
Lewis Research Center, Jonathan Litt 
of the Vehicle Technology Center of the U.S. 
Army Research Laboratory, and Andre 
Hickman of Morehouse College. For fur- 
ther information, access the Technical 
Support Package (TSP) free on-line at 
xvww.nasatech.com under the Machinery/ 
Automation category, or circle no. 140 on 
the TSP Order Card in this issue to receive 
a copy by mail ($5 charge). 

Inquiries concerning rights for the com- 
mercial use of this invention should be 
addressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW-16566. 
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Hybrid Propulsion System for Returning a Sample From Mars 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


A paper suggests the development of 
a hybrid rocket engine and associated 
equipment for returning a sample of 
material from Mars at relatively low 
cost. In a hybrid rocket engine, a solid 
fuel is burned by use of a liquid or 
gaseous oxidizer, the flow of which can 
be throttled to control the engine. 
Unlike conventional solid rocket pro- 
pellants, a solid rocket fuel can be 
made relatively inert in the absence of 


the oxidizer and therefore presents lit- 
tle hazard of explosion or inadvertent 
ignition. Unlike conventional (and rel- 
atively expensive) liquid rocket propel- 
lants, a solid rocket fuel is not corrosive 
or susceptible to leakage. The solid fuel 
in the proposed system would be in 
granular form, packed into the rocket 
motor. Oxygen or another suitable oxi- 
dizer could be transported from Earth 
together with this solid fuel. Alter- 
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natively, oxygen could be generated 
from C0 2 in the Martian atmosphere 
by use of in-situ resource utilization 
(ISRU) equipment. Inasmuch as ISRU 
is not yet a mature technological disci- 
pline, some research on ISRU would be 
necessary to estimate the reduction in 
cost achieved by not having to carry the 
oxidizer to Mars. 

This work was done by Kumar Ramohalli 
of Caltech for NASA’s Jet Propulsion 
Laboratory. To obtain a copy of the paper, 
“Hybrids for Low-Cost Sample Return Mis- 
sions, ” access the Technical Support Package 
(TSP) free on-line at umnanasatech.com 
under the Machinery /Automation category, 
or circle no. 141 on the TSP Order Card in 
this issue to receive a copy by mail ($5 
charge). NPO-20195 


Hydraulically 
Driven High-Speed 
Spindle for General 
Machining 

Improved design for 
high-speed spindles increases 
strength and rigidity and 
improves balance. 

Marshall Space Flight Center, 
Alabama 

A hydraulically driven high-speed 
spindle system for milling, machining, 
facing, drilling, and joining metallic 
and nonmetallic materials has been 
developed. Spindles are the most criti- 
cal elements of high-speed milling 
machines. The keys to successful design 
of high-speed spindles are strength, 
rigidity, and balance. 

The hydraulically driven spindle 
includes a hydraulically driven gearmo- 
tor. The rotation of the motor is trans- 
mitted to the main shaft of the spindle. 
The main shaft supports a fixture that 
holds the tool to effect the desired 
operation. The main shaft is supported 
by a series of bearings that withstand 
axial and radial loads encountered dur- 
ing use. The pressure and flow rate can 
be adjusted manually or controlled by a 
computer. This system includes a 
hydraulic subsystem that supplies pres- 
surized fluid to drive the spindle. 

Pressurized fluid is fed into the 
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hydraulically driven spindle for ma- 
chining, milling, drilling, tapping, fac- 
ing, and joining. Hydraulic fluid volu- 
metric flow rate, fluid pressure, gear 
size, and geometry of the hydraulic 
motor are variables which govern spin- 
dle torque and rotational speed, rang- 
ing from 5,000 to 6,000 rpm and oper- 
ating at 1,000- to 6,000-psi (6.9- to 4- 
MPa) pressures. 

The bearing system for this hydrauli- 
cally driven spindle can be made of 
recently developed fluid bearings or of 
roller element type bearings. The balls 
in the bearings in this system can be 
made of standard steel or of newly- 
developed ceramics for increased rigid- 
ity, accuracy, and longer life. Bearings 
that are designed for use at lower 
speeds with air/oil or air/mist lubrica- 
tion can be used at higher speeds, pro- 
vided they are lubricated with grease. 

High-speed machining allows for 
the production of thin wall sections 
with minimal deformation. High-speed 
machining can make it possible to 
reduce the number of parts, sometimes 
even making it possible to fabricate, as 
unitary parts, objects that would ordi- 
narily have to be assembled from multi- 
ple pieces. Therefore, production and 
assembly times are reduced. 

For the purpose of fabricating com- 
plex and thin-walled parts, high-speed 
machining of solid stock can be an 
alternative to casting and to the more 
expensive use of composite materials. 
Use of this hydraulically driven spindle 
system for high-speed machining re- 
duces times and cost of the manufac- 
turing process and helps to ensure 
defect-free finished parts. 

Another significant advantage of 
high-speed machining is minimization 
of effects of heat on machined parts. 
Most of the cutting heat is removed, 
reducing thermal warping and increas- 
ing the life of the cutting tool. In many 
cases, the need for a cooling fluid is 
eliminated. Also, elimination of cutting 
fluids reduces subsequent contribu- 
tions to pollution and aids in the recov- 
ery and recycling of such expensive 
materials as aluminum-lithium alloys. 

This work was done by Majid K. Babai 
and Samuel C. Geise of Marshall Space 
Flight Center. For further information , 
access the Technical Support Package (TSP) 
free on-line at www.nasatech.com under the 
Machinery/Automation category, or circle 
no. 143 on the TSP Order Card in this issue 
to receive a copy by mail ($5 charge). 

Inc/uiries concerning rights for the com- 
mercial use of this invention should be 
addressed to the Patent Counsel, Marshall 
Space Flight Center; (205) 544-0021. Refer 
to MFS-26430. 


LINTECH 

POSITIONING SYSTEMS 


GIVE TOTAL FL-EOUBILITY 


Lintech positioning tables offer precision 
performance and design flexibility. 

All standard tables are available 
in manual and motorized 
models. 

Standard accessories are 
available to customize your positioning 
table for your specific needs. 

2 different series of rotary tables are available. 
Custom Positioning Systems are also available 


SINGLE OR MULTIPLE AXIS TABLES 


Lintech's positioning tables offer precision 
performance and design flexibility for use in 
a wide variety of Motion Control applications. 


OTHER LINTECH PRODUCTS... 


SINGLE SHAFT ASSEMBLIES 
TWIN RAIL® SHAFT ASSEMBLIES 
TWIN RAIL® CARRIAGE ASSEMBLIES 



IDEAL FOR: 
•Pick & Place 

• General 
Automation 

• Inspection 
Stations 

•Test Stands 
•Laser 
Positioning 

• Part Insertion 

• Part Scanning 
& many more! 


Lintech Automation 
Specialists are located 
throughout the U.S. 
and Canada. For more 
information call, write 
or fax for a FREE! 
complete catalog of 
all Lintech products. 

LmTteCH® 

1845 Enterprise Way 
Monrovia, California 91016 

Telephone (818) 358-0110 
Toll Free . . (800) 435-7494 
Fax (818) 303-2035 


For More Information Circle No. 669 


Amazing 
Hubble Image 
Mow A Full- 
Color Poster! 

One of the Hubble Space Telescope's 
most incredible discoveries — the 
birth of stars 7000 light years from 
Earth — is now captured in a gorgeous 
limited-edition wail poster. 

Only $7.95 each. 

Rush me Hubble poster(s) at 

$7.95 each plus $5.00 for 
shipping (in tube), rrv residents add sales tax to total. 

Total $ 

name 

Company 

Address 

City/St/Zip 

Phone Ho. 

-I Check enclosed 

(payable to Associated Business Publications) 

Charge my: □ VISA □ Mastercard □ AmEx 

Card Ho. /Expiration: 

Signature: 

Mail to: Assoc. Business Publications, Dept. F, 317 Madison Ave., 
New York. NY 10017. Or fax to: (212) 986-7864. 
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"Plug-and-Play" 
Motor Slide 

MicroSlides Inc., Port 
Washington, NY, calls 
its Luge “ a high-perfor- 
mance linear motor 
slide that offers “plug-and-play" mounting simplicity 
for almost any off-the-shelf linear motor, including 
Anorad, Etel, Fanuc, Indramat, Kollmorgen, 
Normaq, Pratec, Siemens, and Trilogy. They are 
available for ironless and iron-core motors. For the 
former, there are two styles: the high-speed model, 
with travels from 300 to 1500 mm, uses recirculating 
bearings, and the high-accuracy model, with travels 
from 250 to 500 mm, uses crossed hollow roller bear- 
ings. The iron-core style uses large recirculating 
bearings, and has travels from 300 to 1500 mm. 

For More Information Circle No. 781 

Brake Motors 
in Nine Sizes 

Electroid Co., 
Springfield, NJ, an- 
nounces that it 
offers its EBM Se- 
ries of brake mo- 
tors in nine sizes, 
with horsepower ranges from one-half to 10, and with 
Power OFF (“failsafe”) brake torques from 6 lb. ft. to 
55 lb. ft The company says that the series, combining 
its AC brakes with a NEMA standard motor, provides 
reliability and the fastest brake response time in the 
industry. They are dual wound for 208-230/460 VAC 
three-phase 60-Hz operation. Recommended applica- 
tions include machine tools, packaging machinery, 
conveyor systems, cranes, hoists, and valves. 

For More Information Circle No. 784 

Modular 
Motion 
Control 
System 

Intelligent 
Motion Sys- 
tems, Marl- 
borough, CT, 
says LYNX'", its modular motion control system, pro- 
grams easily and interfaces with stepper or digital 
servo drives. The company adds that the system’s 1.5 
axes of control makes following external clocks or 
ratioing a second axis easy for the user. Features 
include zero to 5-MHz step clock rate, selectable in 
0.005-Hz increments through the entire range; and 7 
hardware and 62 software addresses for multidrop 
communication. 

For More Information Circle No. 787 

Controllers with 
Pentium MMX 

The new ORION " Mo- 
del 30 motion con- 
trollers from ORMEC, 
Rochester, NY, incor- 
porate the Pentium MMX 233-MHz processor, 
adding it to the lineup of industry-standard X86- 
family microprocessors. The new processor offers 
three to five times more processing power than the 
fastest ORION processor previously offered. Also 
offered in the line are the Pentium 133-MHz 
processor, along with the previously offered 
586/ 133-MHz and 80486 microprocessors. The 
Model 30 features two PC-card slots, 8 megabytes of 
RAM, a 512-K external cache, a keyboard connec- 
tor, and three 16-bit ISA-bus expansion slots. 

For More Information Circle No. 790 
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Moving-Magnet 
Linear Motor 

The Lightning Series from 
Anorad Corp., Hauppauge, 
NY, is a line of brushless 
linear DC moving-magnet 
servo motors that eliminates the requirement for 
moving power and conU'ol cables. Inclusion of an 
encoder makes the series suitable for applications 
requiring high velocity (up to 10 m/s), resolution of 
5 microns, and repeatability of ±10 microns. A pro- 
prietary current-switching technology charges only 
the coils under the moving magnet, resulting in cool 
operating temperatures, Anorad says. Applications 
the company cites include material handling, pick 
and place, winding machines, flying shear, metrology 
and dispensing. 

For More Information Circle No. 782 

Rotary 
Motion into 
Vacuum 

Kurt J. Lesker 
Co., Clairton, 
PA, describes its 
MagiDrive as a 
device for delivering rotary motion into a vacuum 
vessel in which the shaft is entirely enclosed by a 
stainless steel vacuum casing, without O-rings, bel- 
lows, or fluids. Between the outer hand-operated or 
motor-driven rotor and the inner shaft, MagiDrive 
gives absolute vacuum integrity, since there is no 
moving seal to fail. Drives of various sizes can be 
mounted end to end, using conventional copper-gas- 
ket-sealed flanges. The device can be heated to 230 
°C for ultrahigh vacuum operation. 

For More Information Circle No. 785 

Multilingual 
Variable Frequency 
Drive 

The A500 Series variable 
frequency drives from 
Mitsubishi Electric 
Automation Inc., Vernon 
Hills, IL, are compact 
units with ratings of one-half through 100 horsepow- 
er at both 240 V and 480 V. All units carry UL and 
CUL listings and CE marking, and the optional 4-x- 
1 3-character back-lit LCD display parameter unit 
supports users in eight different languages. 
Mitsubishi says that advanced flux vector control pro- 
vides superior open-loop torque and speed control, 
and the optional encoder feedback feature further 
enhances performance. 

For More Information Circle No. 788 

Controller with 
Three Indexers 

Continuum Engi- 
neering Inc., Tarzana, 
CA, announces avail- 
ability of the second 
generation of its MCL 
Series multiaxis controllers. The MCL-300 motor 
indexer/ driver is described by the company as a com- 
plete turnkey solution because it combines the func- 
tion of three indexers, three drivers, and a power sup- 
ply in one package. Single- and double-axis versions 
are also available. Features include internal fused 
and filtered power supplies for all drivers and con- 
trol logic, CW/CCW limit and home optically iso- 
lated switch inputs, and a three-axis joystick with 
multiple speed settings and LED indicators. 

For More Information Circle No. 791 





Line of 
Planetary 
Gearboxes 

ITW Spiroid, 
Glenview, IL, 
releases a line of 
planetary gearboxes that it says has more torque, 
more strength, and more power than conventional 
involute gearboxes. Available in four frame sizes 
(300, 1000, 2000, and 4000 series), these gearboxes 
feature an exclusive CONCURVE gear design that 
allows 50 percent more running-time hours at 
equivalent loads or fifty percent more torque capac- 
ity. Backlash is 6 arc minutes standard and mini- 
mum efficiency rating is 90 percent for the entire 
gearbox. All four sizes are available in ratios between 
3:1 and 100:1. 

For More Information Circle No. 783 

Servo Motion 
Controller 

Delta Computer Systems 
Inc., Vancouver, WA, offers 
the RMC180-Profi, an eight- 
axis linear servo motion 
controller. The company 
says the module provides the 
power of the Profibus open 
architecture fieldbus with independent or coordinat- 
ed control of eight motion axes for precise point-to- 
point linear positioning. Applications include rolling 
mill pinch rollers, plastic and ceramic injection 
molding machinery, die-casting machines, and laser 
and saw positioning for edgers and resaws. The mod- 
ule is 7 in. wide, 5.8 in. high, and 4 in. deep and 
weighs 2.75 lb. 

For More Information Circle No. 786 




Motion Control for 
28 Axes 

Custom Servo Motors Inc., New 
Ulm, MN, says that a simple on- 
line programming system for 
controlling up to 28 axes makes 
the Motion Plus" XDC-720 
motion controller ideal for 
packaging and converting 
applications. The panel-mounted module features 
56 bidirectional I/O points, four high-speed sensor 
inputs, and two serial ports. The sensors’ <l-ps 
response time makes the XDC 720 useful for product 
registration and other critical-response applications. 
Incremental and absolute encoder feedback, analog 
input, and feedback from the Temposonics position 
sensors are accepted by the controller. 

For More Information Circle No. 789 



Driver Board 
for Position 
Control 

The Series 6500 
from ETI Sys- 
tems Inc., Carls- 
bad, CA, is a self- 
contained driver 
system for motor- 
ized potentiometers, and operates as an analog con- 
trol interface. It uses a dual-gang potentiometer to 
provide an isolated variable output and feedback to 
null the servo system at the desired position. The 
6500 accepts inputs of 0-10 VDC, or 4-20 mA, or 16- 
bit binary signals. The company says average accura- 
cy exceeds 0.2 percent. An inhibit control eliminates 
uncommanded movement. 

For More Information Circle No. 792 
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New Products 


Zero-Backlash 
Gearmotor 

The 535MBG cycloidal gear- 
motors from Nyden Corp., 
San Jose, CA, are NEMA 17 
size and have zero backlash. They feature positional 
accuracy of less than ±60 arc sec., efficiency of 85 to 
90%, low audible noise, and long mechanical life. 
The gearmotors integrate a five-phase stepping 
motor with an in-line cycloidal ball reducer that 
increases output torque and output precision. 
Standard reduction ratios of 5:1 and 10:1 offer 
10,000 and 20,000 steps of true resolution per one 
revolution of the reducer’s output shaft at up to 108 
oz in. of torque. Applications include linear and 
rotary table positioning, robotic arm actuation, and 
index feed mechanisms. 

For More Information Circle No. 748 

Step Motor System 

The CMAX-810 microstep 
control system from Ad- 
vanced Micro Systems, 
Nashua, NH, is rated for 8 
amps at 80 volts or 160 volts. 
The unit incorporates the company’s Variable 
Resolution Microstep Control (VRMC®) indexing 
technology with high-output, bi-polar chopper drives 
and toroidal power supplies. Packaged in a compact, 
heat-sinked, and fan-cooled enclosure, the unit pro- 
vides serial communication, 2K bytes of non-volatile 
memory, extended industrial I/O, and AC power entry. 
Other features include integral controller/ driver/ 
power supply, power line filtering and surge protec- 
tion; and short circuit, over temperature, and under 
voltage protection. 

For More Information Circle No. 757 

Servo Class 
Couplings in 
Large Sizes 

Zero-Max, Minnea- 
polis, MN, has intro- 
duced Servo Class 
couplings in eight 
sizes in torque ranges 
from 8.84 to 880 in 
lbs. for servomotor and precision motion control 
applications. The couplings feature zero-backlash, 
flexible metal discs, and keyless clamp-type mount- 
ing hubs. They offer high torsional stiffness and low 
inertia, and accommodate higher torque, high 
speed, and high misalignment. Other features 
include one-piece assembly, lightweight design, and 
maximum RPM of 10,000. 

For More Information Circle No. 761 

Accelerometer 
Offers High 
Sensitivity 

The Model 370A03 
capacitive accelero- 
meter from PCB 
Piezotronics, Depew, 
NY, features 1000 mV/g sensitivity (±5%) for high-res- 
olution measurement of sensitive vibration events. 
Operating from a standard 16 to 28 VDC power supply, 
the hermetically sealed accelerometer provides a lower 
noise floor, allowing the user to measure very low-level 
vibration. The unit takes measurements in any orien- 
tation, drives long cables, and handles frequencies 
from pure DC to 100 Hz (±5%). Air damping improves 
temperature stability and allows the device to with- 
stand higher-g overloads. 

For More Information Circle No. 764 







24- Axis 
Positioning 
Stage 

Northern Mag- 
netics, Santa Clarita, CA, has released a 24-axis lin- 
ear motor-driven positioning stage that provides 
independent motion along all 24 axes, as well as 
rapid acceleration and deceleration. The base stage 
is a 72-inch-long single (X) axis EPS positioning 
stage with a non-cogging, medium-force brushless 
linear motor with 12 independent coil assemblies. 
Each assembly has a 1-1/2' stroke, bellows, encoder, 
special bearings, and limit switches. Mounted to 
each X-axis slide is a single (Y) axis special bearing 
positioning stage with a non-cogging, medium-force 
brushless linear motor with 3.5' stroke, encoder, 
and limit switches. 

For More Information Circle No. 749 

Miniature and 
Compact Load Cells 

The EL Series miniature 
and compact load cells 
from Entran Devices, 
Fairfield, NJ, measure com- 
pression and/or tension, 
and are available in 15 styles 
and shapes for a range of applications. Compact to 
robust, or low-profile to threaded models are available 
in either English or metric threads. Full-scale load 
ranges are available from 1 pound through 20,000 
pounds; 5 Newton through 10,000 Newton; and preci- 
sion low ranges to 20 grms or 0.2 N. Applications 
include force and weight measurements in industrial, 
automotive, aerospace, and biomechanic labs and 
factory installations. 

For More Information Circle No. 760 



AC Synchronous 
Motors 


VARI-HERTZ® 1/4- to 10- 
horsepower permanent 

magnet AC synchronous 
^ motors from Welco Techno- 
logies, Milford, OH, are designed for applications 
requiring precise open-loop speed control for con- 
stantly fluctuating temperature and load conditions. 
The motors simplify synchronization of two or more 
pieces of equipment by eliminating the need for exter- 
nal feedback devices such as resolvers or encoders. 
Available features include 2 through 12 pole designs, 
TENV or TEFC enclosures, and speeds up to 18,000 
RPM. The motor design allows it to operate in a precise 
ratio to the frequency being sent to the motor by the 
variable speed drive. 

For More Information Circle No. 762 

Controller 
Offers Fieldbus 
Conductivity 

Parker Hannifin Corp., 
Compumotor Division, 
Rohnert Park, CA, of- 
fers the Compax servo controller, which features 
Fieldbus conductivity options. The position, velocity, 
and torque controller is used with three-phase sinu- 
soidal brushless motors, and offers speeds up to 
5,000 RPM and shaft power up to 15 Kw. The con- 
troller features a dual microprocessor design in 
which the host processor handles I/O and low-speed 
communications, and a DSP controls the digital cur- 
rent loop and processes encoder and resolver data. 
The unit is available in both single-axis and multi- 
axis configurations. 

For More Information Circle No. 765 
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Torque Motors for 
AC Drives 

Danfoss Electronic Drives, 
Division of Danfoss, Rock- 
ford, IL, has introduced 
the Blue Max® and Black Max® line of variable and 
constant torque motors with a range of horsepower 
from 1 to 350 HP. The Blue Max AC inverter duty 
motors feature a variable torque XRI motor designed 
for optimum torque operation in pump and fan appli- 
cations. The Black Max family features an aluminum 
frame motor that provides constant torque with a 
1000:1 speed range. 

For More Information Circle No. 759 


Servoamplifier for AC Motors 

The Model 7425AC from Copley 
Controls Corp., Westwood, MA, is a 
servoamplifier for driving AC 
brushless motors in the torque 
mode. Operating direcdy from 
50/60-Hz power supplies, the 
amplifier develops symmetrical 
sinusoidal output waveforms for energizing the 
motor’s three U, V, and W stator coils, synthesizing 
the third (W) waveform from the U and V current 
commands provided by the controllers. The amp 
can drive AC brushless motors to 2.5 hp. 

For More Information Circle No. 779 
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IM481I1 


llii>li Performance. I'ltra Miniature. 
Hybrid Microstepping Driver. 

■ Low Cost - $67.75/100 

■ High Input Voltage (48 VDC) 

■ High Output Current 
(1ARMS, 1.6A Peak) 

■ Extremely Small - 1.1" x 2.7" 


IMH04 

llii-li Performance. * 
High Voltage. Miniature 
Microstepping Driver. jj 

■ Low Cost - 
$207.62/100 

■ High Input Voltage 
(75 VDC) 

■ High Output Current 
(4A RMS, 6A Peak) 

■ Small Size - 
2.7" x 3" 

ISP 200 

High Performance. 

High Voltage. Switching 
Power Supply. ^ 

■ Low Cost - 

■ High Output 

No-Load) 

(2A Continuous) 

■ Small Size 
3.9" x 4; 


INTELLIGENT MOTION SYSTEMS, INC. 

37D N. Main St., P.O. Box 457. Marlborough. GT 06447 
Tel: 860/295-6102 FAX: 860/295-6107 

Wheti you're surfing the "VET’" eheek out our Home Page at httpMmshome.com 



Bearings with 
Added Travel Life 

Thomson Industries Inc., 
Port Washington, NY, 
introduces the JIS (Japan- 
ese Industrial Standard) 
Metric Super Smart Ball 
Bushing™ linear bearings and pillow blocks. The 
company says these bearings provide 6X the load 
capacity, or 216X the travel life, of conventional JIS 
bearings, and are universally self-aligning for easy 
low-cost installation. Available inl6-mm to 40-mm 
sizes, the bearings are dimensionally interchange- 
able with conventional JIS bearings and pillow 
blocks. Thomson says the quantum increase in load 
capacity enables a 90-percent cost reduction with 
downsizing. 

For More Information Circle No. 780 


Microdrive 
with Quick 
Response 

ABB Industrial 
Systems Inc., New 
Berlin, WI, says its 
new ACS 140 is 
the world's fastest 
microdrive. Capable of responding to input signal 
changes in as little as 9 milliseconds, it is available in 
a variety of frame sizes ranging from one-half to 3 HP. 
230 VAC and 460 VAC, in single- and three-phase con- 
figurations. Seven application macros permit users to 
select a preset pattern of parameter values and I/O 
configurations, and the user can also tailor them to 
suit There are three options for installation: wall 
mounting, DIN-rail mounting, or flange mounting. 

For More Information Circle No. 804 

Modular 
Controller 
System 

Melles Griot, 
Boulder, CO, in- 
troduces a main 
rack and con- 
troller PC, which can be bench-cabinet or 19-inch-rack 
mounted, and can drive up to 32 module racks to 
accommodate system expansion or extremely complex 
applications. The main suite of modular control soft- 
ware resides in the controller unit, and offers four con- 
trol options: Visual Basic, C, LabVIEW, and Melles 
Griot Macro Environment, running under Windows 
NT or Windows 95. Available drive modules include 
piezo actuators, stepper motor drivers, and, for precise 
nanometric auto-alignment, a NanoTrak™ driver. 

For More Information Circle No. 805 





Servo Drives 
with Electronic 
Camming 

Electro-Craft Divi- 
sion of Rockwell 
Automation, Eden 
Prairie, MN, an- 
nounces the addi- 
tion of camming capability to its Electro-Craft® IQ- 
Series® positioning servo drives. The programmable 
IQ Cam enables replacement of mechanical cams with 
electronic servo-based systems that can be modified to 
accommodate different product lengths and cam pro- 
files. Integrated programmable limit switch capability 
provides commands to activate designated outputs at 
defined machine positions. The IQ-Series is available 
in power output ranges from 1 to 15 kW. 

For More Information Circle No. 806 


22b 


For More Information Circle No. 671 


June 1998 





Information Sciences 


£ Wavelet Processing for Aeroservoelastic-Stability Analysis 

Stability margins are more realistic and robust than those obtained 
by older techniques. 

Dry den Right Research Center, Edwards, California 


A wavelet-based modal-parameter- 
extraction procedure has been developed 
to augment wavelet filtering and thereby 
produce more-realistic, robust aeroser- 
voelastic-stability margins. The procedure 
is intended for use in processing data 
from aircraft flight tests. 

Some background information is pre- 
requisite to an explanation of this devel- 
opment. Deterministic nonstationary 
input test signals are often essential for 
extracting aeroelastic-stability trends from 
noisy measurements. The analysis of flight 
data is improved by discrimination among 
areas of low signal-to-noise ratio, unmod- 
eled dynamics, and external disturbances. 
Wavelet signal processing has shown 
promise for identification of the concep- 
tual structures, operators, and parameters 
of mathematical models (hereafter called 
“system identification’’) of aeroservoelas- 
tic systems for these purposes. 

Nonparametric wavelet filtering 
removes aspects of signal responses detri- 
mental to linear system-identification 
methods to improve stability tracking. 
Wavelet transforms are also used to direct- 
ly supply information on time-dependent 
modal decay rates and phases for estima- 
tion of parameters of mathematical mod- 
els of time-varying systems. Without any 
approximation of the range of parame- 
ters of a system, natural frequencies and 
damping ratios are extracted from the 
response of the system. Damping and fre- 
quency trends are useful for noting 
changes in system dynamics as functions 
of flight conditions. 

Model validation is a critical procedure 
in the computation of robust stability mar- 
gins. The margins are adversely affected 
by poor characterizations of uncertainty 
size and structure, which are determined 
by the magnitudes of perturbations, loca- 
tions of perturbations within the system, 
and the types (real or complex) of per- 
turbations. This completes the back- 
ground information. 

In the present wavelet-based modal- 
parameter-extraction procedure, both 
complex, nonparametric and real, para- 
metric perturbations are decreased to 
generate reduced-norm uncertainty sets, 
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Lowest Cost 

Data Acquisition 

ADAC's new Value-Line has 
uncompromising design features 
and high quality components at 
prices below the low cost guys! 
Plus drivers for Windows NT, 
Windows 95, 3.1 and DOS. 

Just check the specs: 


Lowest Cost 

5500MF 

8 channels 12-bit A/D, 

16 digital I/O, Counter/Timer 


& 


High Speed 

5508LC 

8 channels 12-bit A/D, 
lOOKHz, DMA 






Multi-I/O, DMA 

5516DMA s 

16 channels 12-bit A/D, 

DMA, 16 digital I/O 

High Resolution 

5500HR 

16 channels 16-bit A/D, 

DMA, 8 digital I/O 

High Performance Data 
Acquisition Since 1974 

voice 800-648-6589 

fax 781-938-6553 

web www.adac.com 
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The Flows of Information represented graphically here are those that occur when the p method is 
coupled with wavelet processing for robust stability-margin analysis of an aeroservoelastic system. 


which result in models with less conser- 
vatism. The models are used in a robust 
stability-boundary-prediction method 
called the “p method” because it is based 
on a structured singular value called “y." 
[This method was described in 
“Characterizing Worst-Case Flutter 
Margins From Flight Data” (DRC-97-03), 
NASA Tech Briefs, Vol. 21, No. 4 (April 
1997), page 62.] 

Within the // conceptual framework, a 
system is represented as an operator, 
F(P,A), which, in turn, represents a feed- 
back interconnection of a plant P and 
uncertainty A. Flight data can be incorpo- 
rated into the y method by formulating a 
description of uncertainty that accounts 
for observed variations and errors. A 
model-validation analysis is performed on 
the plant model to ensure that the range 
of dynamics admitted by the uncertainty is 
sufficient to cover the range of dynamics 
observed with the flight data. 

The y method can be coupled with 
wavelet processing for parametric and 
nonparametric estimation. This cou- 
pling is achieved by introducing, into 
the basic process, several time-frequency 
operations based on wavelet filtering 
(see figure). Wavelet transform opera- 
tions are introduced to process time- 
domain data, x(t), before computation 
of a frequency-domain representation, 
X ((0). These operations map the time- 
domain data into the time-frequency 
domain via a wavelet transform, then 
map them back to the time domain via 
an inverse wavelet transform. A time-fre- 
quency filtering operation is performed 
between the wavelet transform and the 
inverse wavelet transform to remove 
unwanted features before the inverse 


wavelet transfonn yields a time-domain 
signal, x (t). 

A modal-parameter-estimation algo- 
rithm is introduced by use of the wavelet 
algorithm. The estimated parameters 
are used to update the elements of a 
nominal plant model, P, and a new plant 
model, P, is used to represent the 
dynamics of the aeroservoelastic system. 

The final operations of the y method 
are traditional robust-stability opera- 
tions on frequency-domain data. The 
effect of the wavelet filtering is to intro- 
duce filtered versions of the data and 
the plant model for model validation. 
Thus, a new uncertainty operator. A, is 
associated with the parameter-updated 
plant, P, to account for errors observed 
from the filtered data, x (t). There is 
computed a robust stability margin, T, 
that describes the largest change in 
dynamic pressure for which P is robusdy 
stable to the errors, A. 

Nominal stability margins are comput- 
ed for the plant model by use of the origi- 
nal theoretical modal parameters and are 
computed for the updated model by use 
of parameters estimated from wavelet fil- 
tering. These margins are computed from 
a p analysis with respect to variation in dy- 
namic pressure, q, but ignoring the modal 
and complex uncertainty operators. 

This work was done by Martin J. Brenner of 
Dryden Flight Research Center and Rick 
Lind of NRC. For further information, access 
the Technical Support Package (TSP) free on- 
line at www.nasatech.com under the In- 
formation Sciences category, or circle no. 1 75 
on the TSP Order Card in this isstie to receive a 
copy by mail ($5 charge). 
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Q Micromachined Tunneling Accelerometer 
for Use in Outer Space 

Two short reports describe a micromachined quantum- 
mechanical-tunneling accelerometer and radiation-hardened 
support electronics designed for use in outer space. Like the 
micromachined tunneling accelerometers described previous- 
ly in NASA Tech Briefs, this device is based on the use of elec- 
tronic sensing/feedback control circuitry that measures accel- 
eration in terms of an electrostatic-deflection voltage necessary 
to maintain a small constant distance (typically a few 
Angstroms) between a membrane and a tunneling tip in a 
mechanical acceleration-sensing/electron-tunneling device. 

This work was done by Vardkes Victor Boyadzhyan-Sevak of 
Caltech for NASA’s Jet Propulsion Laboratory. To obtain copies 
of the reports, “ATC Electron Tunneling Accelerometer Integrated 
Sensor Circuitry for Space Applications ” and “Tunneling 
Accelerometer Multichip Module ( Integrated Sensor) Thin Film 
Technology Radiation Hardened MCM, ” access the Technical 
Support Package (TSP) free on-line at www.nasatech.com under 
the Electronic Compoments and Circuits category, or circle no. 188 
on the TSP Order Card in this issue to receive a copy by mail 
($5 charge ). 

In accordance with Public Law 96-517, the contractor has elected 
to retain title to this invention. Inquiries concerning rights for its 
commercial use should be addressed to 

Technology Reporting Office 

JPL 

Mail Stop 122-116 

4800 Oak Grove Drive 

Pasadena, CA 91109 

(818) 354-2240 

Refer to NPO-20013, volume and number of this NASA Tech 
Briefs issue, and the page number. 


ifdli Solar/Infrared Aerobots for Exploring 
Several Planets 

A report discusses a class of balloon-borne robotic instru- 
mentation systems that have been proposed for use in explor- 
ing Venus, Jupiter, Saturn, Uranus, and Neptune. The bal- 
loons would be of the Montgolfier type; that is, buoyancy 
would be achieved through heating of atmospheric gases con- 
tained in the balloons at ambient pressures. However, unlike 
the familiar fire-heated hot-air balloons invented by the 
Montgolfier brothers, the proposed balloons would be heat- 
ed primarily by the Sun during the day and by infrared radi- 
ation from relatively warm planetary surfaces at night. The 
proposed balloons would be modified versions of 
solar/infrared-heated Montgolfier balloons that were flown 
in the upper stratosphere of the Earth by the French space 
agency CNES during the 1980s. The lower parts of those bal- 
loons were made of infrared-transparent polymeric materials 
to admit infrared radiation from below, the upper inside sur- 
faces were blackened to maximize absorption of the admitted 
infrared radiation, and the upper outside surfaces were alu- 
minized to minimize radiation of heat to outer space. During 
the day, the balloons would rise high due to solar heating. At 
night, the balloons would sink lower, with the descent slowed 


by heating due to compression of the contained gasses, as 
well as by heating from lower planetary radiation. 

This work was done by Jack Jones, Matthew Heun, and Kerry 
Nock of Caltech for NASA’s Jet Propulsion Laboratory. To obtain 
a copy of the report, “ Solar Infrared Balloons for Venus, Jupiter, 
Saturn, Uranus, and Neptune, ” access the Technical Support 
Package (TSP) free on-line at www.nasatech.com under the Physical 
Sciences category, or circle no. 184 on the TSP Order Card in this 
issue to receive a copy by mail ($5 charge). 

NPO-20264 


Analysis of Stresses and Deflections in RTDs 

A report presents an analysis of stresses and deflections in 
resistance temperature detectors (RTDs) of various model 
numbers with standard sizes and shapes. The RTDs are 
assumed to be installed in pipes that contain flows of oxygen 
and hydrogen in a test facility at Stennis Space Center. The 
analysis, performed in a spreadsheet format, involves calcula- 
tion of maximum stresses and deflections for each RTD 
under specific fluid conditions. The drag force is entered as 
a circular reference in the spreadsheet and must be calculat- 
ed iteratively. The equation for drag force is used to calculate 
the allowable fluid density for a given velocity. The deflection 
of the RTD at the inner pipe wall is also compared with the 
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maximum allowable deflection at that 
point. The output of the analysis is a 
curve, for each RTD model and size, of 
fluid density versus flow speed. On the 
basis of allowable stress and deflection, 
it is deemed to be safe to operate an 
RTD at any point below its curve. Thus, 
the collection of curves serves as a 
guide for preliminary selection of RTDs 
for the facility. 

This work was done by Michael Jee of 
Lockheed Martin for Stennis Space 
Center. To obtain a copy of the report, 
“ RTD Stress Analysis for the E-l Test 
Facility, ” access the Technical Support 
Package ('ISP) free on-line at www.nasatech. 


com under the Physical Sciences category, 
or circle no. 198 on the TSP Order Card 
in this issue to receive a copy by mail 
($5 charge). 

SSC-00064 


$ Performance of a Soft 
Digital-Data-Transition 
Tracking Loop 

A report discusses the performance 
of a soft digital-data-transition tracking 
loop (DTTL) in a radio receiver that 
recovers digital data conveyed by bina- 
ry phase-shift keying. The DTTL is 


used as a symbol synchronizer; it pro- 
vides symbol timing to essential parts of 
the receiver. The DTTL includes a 
quadrature channel and an in-phase 
channel, which contains a transition 
detector with a hyperbolic-tangent 
response. The DTTL is said to be 
“hard” or “soft” in the special case of 
high or low signal-to-noise ratio (high 
or low SNR, respectively) , for which the 
hyperbolic tangent can be approximat- 
ed as a hard-limiting or a linear func- 
tion, respectively. 

This work was done by Samson Million 
and Sami Hinedi of Caltech for NASA’s Jet 
Propulsion Laboratory. To obtain a copy 
of the report, “Tracking Performance of the 
Soft Digital Data Transition Tracking 
Loop, ” access the Technical Support Package 
(TSP) free on-line at urww.nasatech.com 
under the Electronic Systems category, or cir- 
cle no. 172 on the TSP Order Card in this 
issue to receive a copy by mail ($5 charge). 
NPO-20154 


$ Muscle Wires for Planetary- 
Exploration Robots 

A report proposes the use of muscle 
wires as mechanical actuators for plane- 
tary-exploration robots. Muscle wires 
are commercially available in kit form 
in the hobby market, and have been 
described (though not explicitly called 
“muscle wires”) in previous articles in 
NASA Tech Briefs. A muscle wire is made 
of a shape-memory alloy. By sending a 
sufficient electric current along the 
wire, one can heat the wire above its 
transition temperature, causing it to 
change length. When the current is 
turned off, the wire cools, returning to 
its original length. The aspects of mus- 
cle wires that make them attractive for 
planetary-exploration robots are low 
mass, simplicity, and the ability to exert 
large tensile forces (thousands of times 
their own weights); in these aspects, 
muscle wires are superior to conven- 
tional electric motors. Moreover, 
because of their low thermal masses, 
muscle wires would respond to turn-on 
and turn-off of currents rapidly enough 
for the actuation frequencies needed in 
planetary-exploration robots. 

This work was done by Kumar Ramohalli 
of Caltech for NASA’s Jet Propulsion Lab- 
oratory. To obtain a copy of the report, 
“Muscle Wires for Efficient Planetary 
Exploration Robots, ” access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Materials cate- 
gory, or circle no. Ill on the TSP Order 
Card in this issue to receive a copy by mail 
($5 charge). 

NPO-201 94 


IF YOU THINK YOU CAN’T SEAL IT, 
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Pneuma-Seat® is an 
inflatable gasket that is 
pressurized with air. It 
fills the gaps between 
surfaces, even hard-to-seal 
uneven surfaces. When deflat 
ed, Pneuma-Seal quick- 
ly retracts preventing 
interference when open- 
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cover. 
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Visualization/Analysis 

Structural Research & Anal- 
ysis Corp., Los Angeles, CA, 
offers COSMOS/Works 4.0 for 
SolidWorks 98 that allows design 
engineers to analyze complete 
SolidWorks assemblies with a 
new Assembly Analysis module 
that can be added to COS- 
MOS/Works Basic for SI, 500. 

COSMOS/Works 4.0 is fully 
integrated into SolidWorks and allows design-team members to 
communicate design information through reports reviewed and dis- 
tributed via the Internet. Intelligent application of loads and bound- 
ary conditions enables the program to identify the model geometry, 
automatically applying the appropriate loads and boundary condi- 
tions. Other features include drag-and-drop of material properties 
and results settings. Circle No. 717 


Electromagnetic Design 

OPERA Version 7 for analysis of electromagnetic design is offered 
by Vector Fields, Aurora, IL. New features include automatic mesh 
generation in both 2D and 3D; a new 3D analysis module for rotating 
machines; full anisotropic material definitions; and a user-friendly 
interface. Modules are available to analyze static, magnetic and elec- 
tric fields, time varying (eddy current) effects, rotating machine mod- 
els in 3D, eddy currents due to velocity effects, particle beam optics 
with space charge limitations, and high-frequency devices such as res- 
onant cavities. The software is available for various platforms, includ- 
ing PCs and workstations. Circle No. 725 


Interactive Data Language 



IDL Version 5.1 from Research Systems, Boulder, CO, offers support 
for Microsoft's ActiveX Component Object Model (COM) architec- 
ture, allowing users to integrate IDL capabilities such as advanced 

graphics and data analysis with 
COM-enabled development en- 
vironments such as Visual Basic, 
Visual C++, and Delphi. Data 
analysis and visualization capa- 
bilities can be added to COM- 
enabled programs such as Excel 
and other Windows productivity 
applications. Additional features 
include native clipboard support; 
enhanced TrueType font sup- 
port; Basic Linear Algebra Subroutines (BLAS) for rapid processing of 
large multi-dimensional arrays; and performance-tuned statistics rou- 
tines with improved user interfaces. IDL 5.1 is available for Windows 
95/NT, Mac OS, UNIX, LINUX, and OpenVMS. Circle No. 718 


Data Analysis Tools 

The MathWorks, Natick, MA, has announced the availability of 
MATLAB 5.2, an application-development platform for analyzing data, 
building models, prototyping solutions, and developing custom end- 
user software. Also released were MATIAB 5-compatible versions of 
the MATIAB Compiler and C/C++ Math Libraries, enabling users to 
develop large-scale applications in MATLAB while preserving existing 


investments in programs written in C and C++. MATLAB code, data, 
and graphics are transferable across platforms. The new version has 
expanded data manipulation features, increased control over visual- 
ization tasks, and new capabilities in application-specific Toolbox add- 
ons. It is available for Windows 95/NT, UNIX, and Macintosh plat- 
forms. Circle No. 719 


Real-Time Data Display 

Sammi Format Editor Plus (FE+) from Kinesix Corp., Houston, TX, 
unites two core components of the Sammi Application Development 
Kit (ADK) to create graphical, 
interactive displays of real- 
time data. The software gives 
Sammi users the ability to cre- 
ate functional interfaces and 
connect them to sources that 
simulate actual data updates. 

FE+ combines the look and 
feel of a PC drawing program 
with the functionality of a full- 
featured CAD product. Users can “drag-and-drop" more than 40 pre- 
built static objects and dynamic building blocks. The program is avail- 
able for Windows NT and UNIX platforms. Circle No. 720 
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Polymer Seals and 
Gaskets 

Lauren Manufacturing, New 
Philadelphia, OH, offers Super 
Seal, a line of high-performance 
extruded polymer seals and gas- 
kets made from silicone, fluoro- 
elastomer-coated polymers, and 
fluoro-elastomers. The silicone seals 
and gaskets retain rubbery properties 
through temperature extremes. They can be 
compounded to perform for extended periods at 150°F to 500°F. Seals 
and gaskets coated with a thin film of fluoroelastomer polymer protect 
the substrate from oil, fuels, acids, and solvents. Fluoroelastomer seals 
and gaskets also provide resistance to oils, fuels, acids, and solvents at 
elevated temperatures. Circle No. 702 


Sealed Linear Actuator 

EXLAR Corp., Chanhassen, MN, has introduced the GS Series of 
electric, compact, sealed linear actuators that combine a brushless 
servo motor as the driving force, with an inverted roller screw mecha- 
nism as the power transmission. With the electronic feedback source, 
the package is the same size as a typical brushless motor. The actuators 
provide conunuous thrust ratings from 100 to 8000 pounds and 


speeds to 40 in/sec. Frame sizes range from 2 to 6 inches. The roller 
screw mechanism provides lead accuracy of 0.001 in/lin. ft.; zero back- 
lash units are available. The actuators are available in a variety of 
stroke lengths, sizes, speeds, and mounting configurations. Custom 
designs are available. Circle No. 704 


Portable Data Acquisition System 

lOtech, Cleveland, OH, has introduced the WaveBook/516'" 
portable data acquisition system, which uses a DSP-based A/D design 
to achieve up to 1-MHz sample speed while maintaining 16-bit resolu- 
tion. The PC-based, multichannel 
system combines high resolution 
and high speed in a portable note- 
book-sized form factor. The eight- 
channel system can be expanded to 
sample up to 72 channels of voltage, 
acoustic, vibration, strain, tempera- 
ture, and other transducer input. 
Operable from AC or DC power, the 
unit connects to a notebook PC via 
an enhanced parallel port or an 
optional PC-Card interface. Other features include low-noise architec- 
ture, advanced triggering, pre- and post-trigger, external clock, chan- 
nel and range scanning, signal connections, WaveView" Out-of-the- 
Box" software, and expansion options. Circle No. 708 



FREE Sample Kit #13 



Finishing Parts 

• Ideal for square and round tubing and to cover 
raised screw heads or plug holes and cover 
burrs in sheet metal parts. 

• Unique recessed and flushed button plugs snap 
into holes in sheet metal. 

•78 stock items in 6 styles available for 
immediate shipment. 

TOLL-FREE: 1-888-CAPLUGS 

Caplugs 

Protective Closures Co., Division of MARK IV INDUSTRIES 

Visit us at www.caplugs.com 


Mini Pressure Transducer 

The Model 355 subminiature pressure transducer from Sensotec, 
Columbus, OH, is a one-piece, stainless steel unit that features a flush 
diaphragm design for operations involving spraying or application of 
coatings, sealants, paints, or other congealable media. The transducer 
accepts input voltage from 9-32 VDC and provides output of 4-20 mA 
or 0-5 VDC output. The Model 355 is available in pressure ranges from 
0-500 psi through 0-5,000 psi. Operating temperature is from -40°F to 
200°F, with a standard compensated temperature range from 60 to 
160°F. The unit measures 2.5” in length and has a 7/16"-20 UNF 
straight-thread pressure port. It is welded and hermetically sealed. 
Circle No. 714 

Nonlinear FEA Book 

Linear and Nonlinear Finite Element Analysis in 
Engineering Praeticeby Dr. Constantine Spyrakos, is 
available from Algor, Pittsburgh, PA. The book 
seeks to simplify the topic of nonlinear finite ele- 
ment analysis (FEA) , making FEA a practical tool 
for mechanical engineers. The book provides 
information on topics such as breaking, buckling, 
bouncing, shattering, swinging, rotating, and 
oscillating. It is the second in a series of books 
by the professor. The first book, Finite Element 
Modeling in Engineering Practice, explains the fundamentals of modern 
engineering analysis. Circle No. 709 

Clamp-On Ammeter 

The HHM51-DC digital clamp-on DC ammeter from OMECA En- 
gineering, Stamford, CT, measures DC current up to 1 200 ADC, DC 
voltage to 200 VDC, and resistance to 2000 Ohms. It is designed for 
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checking equipment such as dc motors, starters, generators, and volt- 
age regulators. No connections are necessary when measuring current 
since the inductive pick-up clamps around any single conductor. 
Standard features include high-contrast LCD readout, display hold, 
and amp zero adjustment. It comes with an integral clamp-on jaw for 
DC current measurement, contact probes for DC voltage and resis- 
tance measurements, a carrying case, and batten. Circle No. 701 



Slip-On Fittings 

Clippard Instrument Labo- 
ratory, Cincinnati, OH, has 
introduced Minimatic® Slip-on 
Fittings as an alternative to 
ferrule and push-to-connect 
design fittings. They feature a 
single-barb design that provides 
a slip-on/locked-on connec- 
tion, and are available in multiple configurations with 1/16” or 1/8” 
hose barb, and ported #10-32 or 1/8 NPT. The low-profile fittings are 
designed to be used with flexible Clippard urethane hose. The leak- 
free connection will hold to the burst pressure of the hose without 
the need for additional clamps. F.lectroless nickel plating offers cor- 
rosion resistance. Circle No. 703 



Pocket-Sized Infrared 
Thermometers 

Three pocket-sized, non-contact in- 
frared thermometers are available from 
Yokogawa Corporation of America, 

Newnan, C.A, for temperature measure- 
ment of electrical equipment such as 
transformers, motors, circuit breakers, bus 
bars, and HVAC systems. They safely measure 
temperatures to 752°F in one second with the push 
of a button, and are accurate to ±1% of reading. The model 530 01 is 
for general-purpose measurements with a dislance-to-targct ratio of 
10:1. The model 530 03 is for small objects and analog output, and the 
530 04 measures small targets down to 35 mm at a distance of 1 meter 
with laser sighting. All models are switchable from degrees F to C, dark 
to bright emissivity, and max/hold mode. Circle No. 710 


Two-Channel Signal Analyzer 



Stanford Research Systems, Sunnyvale, CA, has introduced the 
SR785 two-channel dynamic signal analyzer that features Analog De- 
vices' ADSP21020 32-bit floating point processor, which allows the sys- 
tem to deliver a two-channel 100- 
kHz real-time bandwidth. A low- 
distortion source generates sine, 
two-tone, white noise, pink noise, 
burst, chirp, and arbitrary wave- 
form outputs. Basic measure- 
ments include FFT, order track- 
ing, real-time octave analysis, cor- 
relauon, and time capture mode. Using two 16-bit 
ADCs, all single and two-channel measurements can be made on spans 
up to 102.4 kHz. Other features include a 1.44-MB DOS-compatible 
3.5” floppy drive; GPIB and RS-232 computer interfaces; and a printer 
port. Circle No. 712 
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Imaqe/X-Ray 
Analyzer 

AutoSEM 1 is a PC-based 
image and x-ray analyzer from 
Advanced Research Instru- 
ments Corp., Boulder, CO, 
that works with virtually any scanning electron microscope (SEM). It 
produces particle/feature and field data such as area, size distribution, 
number of features per field, and percent area coverage, and per- 
forms x-ray analysis on each feature. It can operate live or automati- 
cally without operator attendance. The system provides complete im- 
age/x-ray analysis reports, including statistics in standard spread-sheet 
format; digital color-coded x-ray maps based on composition; digital 
high-resolution imaging; image enhancement; image archiving; and 
printed images. Circle No. 705 


Precision Screws 

Allied Devices, Baldwin, NY, has introduced AccuStar” Phillips-head 
precision shoulder screws for close tolerance applications. The screws 
are engineered with high precision tolerances in shoulder diameter, 
shoulder length, and concentricity of thread to shoulder. The Phillips 
head provides torque control and is suited for automatic insertion or 
robotic assembly. The AccuStar” screws are manufactured in magnet- 
ic and non-magnetic 303 stainless steel, in standard and custom sizes. 
Circle No. 700 
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Digital Panel Meters 

The 1998 Acculex Catalog and Refer- 
ence Guide from Keithley Instruments, 
Cleveland, OH, highlights Acculex digital 
panel meters, panel printers, and associ- 
ated instruments. New products include 
the DP-899 Process Indicator Alarm that 
allows user selection of high and low 
setpoints; the Big Digit Temperature 
Meters for direct temperature measure- 
ments; and the DP-7000 Series six-digit 
LCD display counters, timers, and ratemeters. 
Circle No. 730 



Vacuum Metallizing 

Metallized Products, Winchester, MA, has 
released a brochure describing products 
and services incorporating vacuum metalliz- 
ing technology. Capabilities include UV/EB 
cured products, vacuum metallizing, and 
thermal laminations. Products available in- 
clude multi-ply laminates, superinsulation, 
crosslinking, functional coatings, and deco- 
rative coatings. Circle No. 728 
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Adhesive Tapes 

The FT 8306, FT 8326, and FT 8708 adhe- 
sive tapes are described, with applicadons, in 
literature from Avery Dennison, Specialty 
Tape Division, Painesville, OH. The FT 8306 
is a double-coated film, permanent/remov- 
able differenual adhesive tape; the FT 8326 
is a permanent/ permanent tape; and the FT 
8708 is a pressure-sensidve adhesive fasten- 
ing tape for bonding two substrates together. 
Circle No. 732 


Stepper Motors 

Thomson Industries, Airpax Mecha 
tronics, Port Washington, NY, offers a 
handbook of permanent magnet stepper 
motors and geared motors. The motors 
range from 15 to 60 mm in diameter; 
provide step angles of 1.8 and 3.6° 
(hybrids) and 3.6, 7.5, 15, and 18° (per- 
manent magnet); come in industry- 
standard configuradons; and are avail- 
able in a range of magnet materials. 
Circle No. 729 
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Engineering Design Guide 

Switchcraft, Chicago, IL, offers a 350- 
page engineering design guide that fea- 
tures more than 5,000 electronic and 
electromechanical components from 
five product categories: connectors, 
jacks and plugs, jack panels and jack- 
fields, molded cable assemblies and 
patch cords, and switches. Specifi- 
cations, part numbering systems, mating, and 
ordering information are provided. Circle No. 731 


Magnetic Shielding 

Magnetic Shield Corp., Bensenville, IL, has 
released a six-page brochure of magnetic 
shielding products and materials for trans- 
formers, CRTs, motors, relays, and other com- 
ponents. Included are enclosures, vacuum 
shields, zero gauss chambers, magnetic field 
evaluator probes, and materials such as stock 
alloys and annealed foils. Circle No. 734 


Magnetic 

Shield 

Corporation 
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Test & Measurement 

A 1998 catalog of test and measurement 
equipment from Marconi Instruments, 
Fort Worth, TX, features test solutions for 
RF and microwave products. An updated 
selection of signal sources, radio test 
sets, and microwave and RF analyzers is 
included. Circle No. 727 
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1998 INSTRUMENTA- 
TION CATALOG 

The National Instruments 1998 
Instrumentation Catalog fea- 
tures hundreds of products for 
computer-based measurement 
and automation. Some of the 
new products in the 1998 
Catalog include our new PCI line of PCI-based 
modular instrumentation products, the latest ver- 
sion of LabVIEW graphical programming software, 
and our IMAQ imaging and analysis software and 
hardware. National Instruments, 6504 Bridge Point 
Pkwy., Austin, TX 78730; Tel: 800-433-3488 or 512- 
794-0100; Fax: 512-794-841 1; e-mail: info® 
natinst.com; http://www.natinst.com 

National Instruments 

For More Information Circle No. 600 



VLSI 

INTERCONNECTION 
SPECIALISTS 

Ironwood Electronics pro- 
duces a range of interconnect 
solutions including hundreds 
of prototyping adapters, test 
probe adapters, programming 
adapters, and other intercon- 
nect devices. For fully compliant surface mount 
interconnect test adapters, we offer a wide selection 
of high-quality solutions. We also have custom 
design services for unique solutions in packaging. 
Ironwood Electronics, PO Box 21151, St. Paul, MN 
55121; Tel: 612-452-8100; Fax: 612-452-8400; 
www.ironwoodelectronics.com 

Ironwood Electronics 

For More Information Circle No. 601 
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AIRSTR0KE®, 
AIRMOUNT® 
ENGINEERING MANUAL 
& DESIGN GUIDE 

Firestone Industrial Products 
Company offers a revised version 
of its Engineering Manual and 
Design Guide for Airstroke® actuators and 
Airmount® isolators. The free manual provides 
updated guidelines and specs for the air springs, 
including height, force, and stroke data. Also 
included are examples of typical isolation and actu- 
ation problems that can be solved by using air 
springs. Firestone Industrial Products Co., 12650 
Hamilton Crossing Blvd., Carmel, IN 46032; Tel: 
800-888-0650; www.firestoneindustrial.com 

Firestone Industrial Products Co. 

For More Information Circle No. 602 


AIR KNIFE FOR 
BLOWOFF 

The EXAIR-Knife reduces air con- 
sumption and noise levels on a 
wide range of blowoff applications. 
Using a small amount of com- 
pressed air as a power source, the 
air knife pulls in large volumes of 
surrounding air to produce a high-flow, high-velocity 
curtain of air for blowoff. Compressed air flow is ampli- 
fied 30:1. Six sizes up to 36” in length are available. 
Applications include: blowing liquid, chips, and con- 
taminant from parts and conveyors; cooling hot parts; 
and air screening. EXAIR Corporation, 1250 Century 
Circle North, Cincinnati, OH 45246; Tel: 800-903-9247; 
Fax: 513-671-3363; e-mail: techelp@exair.com; http:// 



www.exair.com 


EXAIR Corporation 

For More Information Circle No. 603 


RUGGED 
MEASUREMENT 
& CONTROL 
SYSTEM 

ScannerPlus™ is a com- 
plete M&C system in a 
compact, ruggedized 
enclosure. Choose from 
numerous A&D I/O and 
signal conditioning op- 
tions. Three built-in uPs 
support A&D plus serial I/O. Direct-connect to PCs 
& PLCs. On-board math uP package. Multidrop up 
to 32 additional units. Integral keyboard and digital 
display for easy configuration. Call Azonix at 800- 
365-6300 or e-mail: market@azonix.com 

Azonix 

For More Information Circle No. 604 



MAGNET 
PROCESSING 
EQUIPMENT 

W’alker Scientific offers a 
full-line catalog of magnetiz- 
ing and conditioning equip- 
ment which encompasses 
DC, half-cycle, and capacitive 
discharge technologies for 
all magnetic materials. 
Finite-element-analysis engineering and over a cen- 
tury of magnetic engineering experience provide 
complete engineered systems manufactured to 
meet your requirements. Walker Scientific Inc., 
Rockdale St., Worcester, MA 01606; Tel: 508-852- 
3674 or 800-962-4638; Fax: 508-856-9931; e-mail: 
walkrsci@world.std.com; www.walkerscientific.com 

Walker Scientific Inc. 

For More Information Circle No. 605 
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DOWNLOAD A 
FREE TRIAL OF 
SUPERDRAW III 


Superdraw III is powerful 
CAD for engineering. Test 
drive the best precision 
finite element model build- 
ing tool anywhere with our 
free trial software available 
at www.algor.com. Learn 
about Algor's FEA and Mechanical Event 
Simulation software, read Algor's newsletter and 
view frequently updated animations of FEA analy- 
ses. Address: 150 Beta Dr., Pittsburgh, PA 15238; 
Tel: +1(412)967-2700; www.algor.com; info® 
algor.com; or Fax: +1(412)967-2781. 

Algor, Inc. 

For More Information Circle No. 606 



NEW INSTRUMENTS 
& DATA 
ACQUISITION 
CATALOG 

The new Keithley 1998 catalog is 
available in print or on CD. It fea- 
tures a wide range of instruments 
and data acquisition products, including DMMs, elec- 
trometers, precision sources, voltmeters, picoamme- 
ters, ohmmeters, source-measure units, power supplies, 
switch systems, and semiconductor characterization sys- 
tems, plus PCI, ISA, PCMCIA, and IEEE bus boards 
with an array of software to complete measurement sys- 
tems. Keithley Instruments, Inc., 28775 Aurora Rd., 
Cleveland, OH 44139; Tel: 800-552-1115; Fax: 440-248- 
6168; www.keithley.com 

Keithley Instruments, Inc. 

For More Information Circle No. 607 


NEW DATA 
ACQUISITION 
CATALOG 

Keithley Instruments' 1998 
Data Acquisition Catalog 
presents PC-based and stand- 
alone measurement solu- 
tions for benchtop, dis- 
tributed, and portable appli- 
cations in the lab or factory. 
These include real-time DA/controller boards, DA 
and communications PCMCIA cards, miniaturized 
instruments with built-in signal conditioning, motor 
controller boards, benchtop and board-level DMMs 
and VMMs, and more. Keithley Instruments, Inc., 
28775 Aurora Road, Cleveland, OH 44139; Tel: 800- 
552-1 1 15; Fax: 440-248-6168; www.keithley.com 

Keithley Instruments, Inc. 

For More Information Circle No. 608 




Call: 1-800-48ALGOR 
Visit: wwwjflgor.com/apd 
E-mail: sod @ algor.com 
Fax: +1 (412) 967-2781 


LATEST BOOK 
TEACHES 
NONLINEAR 
FEA & 

MECHANICAL 

EVENT 

SIMULATION 

Linear and Nonlinear 
Finite Element Analysis in 
Engineering Practice 


explores nonlinear and linear theory. Finite Element 
Modeling in Engineering Practice is the industry stan- 
dard for linear analysis. CD-ROM has search engine 
and color graphics. Address: 150 Beta Dr., 
Pittsburgh. PA 15238. 

APD 

For More Information Circle No. 609 


LEARN MORE 
ABOUT FEA 

Finite Element Analysis in 
Action! is a proven, 
effective, instructional 
video and interactive 
CD-ROM for engineers. 
Live laboratory and 
computer demonstra- 
tions show how to bet- 
ter use any FEA software. Learn more about the basic 
physical principles behind FEA, how engineering judg- 
ment affects analysis, how tiny flaws affect material 
strength, boundary conditions, and more. APD, 150 
Beta Dr., Pittsburgh, PA 15238; Tel: 1-800-48-ALGOR; 
Fax: 412-967-2781; apd@algor.com; www.algor.com 

APD 

For More Information Circle No. 610 



FREE ALGOR IN 
ACTION VIDEO & 
CD-ROM 

Free video has 18 action- 
packed minutes of real- 
world examples combined 
with Algor's Accupak/VE 
Mechanical Event Sim- 
ulation demonstrations. 
Engineers use Accupak/VE 
to simulate real-world behavior of mechanical 
designs having motion or impact. CD-ROM has a 
variety of other new animations and technical infor- 
mation. Algor, Inc., 150 Beta Dr., Pittsburgh, PA 
15238; Tel: 412-967-2700; Fax: 412-967-2781; 
info@algor.com; www.algor.com 



Algor 


For More Information Circle No. 611 
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WAVE/COMPRESSION 
SPRING CATALOG 



Just updated. Catalog #WS-93A 
contains hundreds of NEW stock 
sizes of wave/compression springs 
available from stock, including 
spring design formulas, materials 
guide, and typical applications. This 40-page engi- 
neering/parts manual describes Smalley's exclusive 
edgewinding manufacturing process. SPECIAL 
SPRINGS ARE EASY TOO! Smalley springs, avail- 
able from 3/8" to 84" in diameter, are produced by 
circle-coiling flat wire to exact specifications involv- 
ing no dies or special tooling charges. Smalley Steel 
Ring Co., 385 Gilman Ave., Wheeling, IL 60090; 
Tel: 847-537-7600; Fax: 847-537-7698; http:// 
www.ringspring.com. 

Smalley Steel Ring Co. 

For More Information Circle No. 612 



VIBRATION 
ISOLATION & IMPACT 
ABSORPTION 

New, full-color brochure describes 
the dynamic properties of Sorbo- 
thane, the unique vibration isolation 
and impact absorption material. New test data details 
the damping properties of Sorbothane compared to 
other elastomers. Sorbothane is a patented visco-elas- 
tic polymer. Includes information on Sorbothane’s 
new line of advanced vibration isolation/shock 
absorption products, as well as applications engineer- 
ing, manufacturing capabilities, and the many appli- 
cations for Sorbothane. Sorbothane, Inc.; Tel: 330- 
678-9444; Fax: 330-678-1303; e-mail: webmaster® 
www.sorbothane.com; http://www.sorbothane.com 

Sorbothane, Inc. 

For More Information Circle No. 613 



VACUUM 
PUMP 
VIBRATION 
ISOLATORS 

The NEC vibration 
isolators effectively 
remove turbo-molecular and cryo-pump vibra- 
tions. Two models are available in elastomer and 
air-isolated versions. They are UHV compatible, 
have short insertion lengths, and high conduc- 
tance. A wide variety of flanges are available. 
National Electrostatics Corp., 7540 Graber Rd., 
Box 620310, Middleton. WI 53562-0310; Tel: 608- 
831-7600; Fax: 608-256-4103; http://www. 
pelletron.com 

National Electrostatics Corp. 

For More Information Circle No. 614 


ELECTRONIC 
HARDWARE 

Globe Electronic Hard- 
ware, Inc. introduces its lat- 
est 260-page catalog, which 
provides complete engi- 
neering dimensions and 
specifications for our entire 
line of precision electronic 
hardware. Products in- 
clude: Standoffs, Spacers, 
Captive Panel Screws, 
Retainers, Handles, Ferrules, and other quality com- 
ponents in both American and METRIC standards. 
Globe Electronic Hardware, Inc.; Tel: 800-221-1505; 
Fax: 71&457-7493; www.globelectronics.com 

Globe Electronic Hardware, Inc. 

For More Information Circle No. 615 




FREE 1998 
PC & PCMCIA 
SOLUTIONS 
HANDBOOK 

Quatech's new 1998 product 
handbook details our exten- 
sive line of quality communi- 
cation, data acquisition, and 
signal conditioning products 
for PCMCIA, ISA, and PCI. New for 1998 are 2- and 
4-port RS-232 PCI serial adapters and the SignalPro 
Series of board level signal conditioning modules. 
Product overviews, photos, and complete technical 
specifications are provided. For your free copy call 1- 
800-553-1170; e-mail: sales@quatech.com; or visit our 
website: http://www.quatech.com 

Quatech, Inc. 

For More Information Circle No. 616 



FREE HIQ EVALUA- 
TION SOFTWARE 

National Instruments offers 
HiQ® for Windows, featuring 
ActiveMath™ and visualization 
tools for Microsoft Office. HiQ on Windows NT or 
Windows 95 uses ActiveX™ (OLE) for integration 
with Microsoft Office and Microsoft’s OpenGL 3D 
graphics library making advanced technical calcula- 
tion, data visualization, and documentation solu- 
tions more cost-effective and simpler for technical 
professionals. Call for free HiQ evaluation software. 
National Instruments, 6504 Bridge Point Pkwy., 
Austin, TX 78730; Tel: 512-794-0100 or 800-433- 
3488; Fax: 512-794-8411; e-mail: info@natinst.com: 
http://www.natinst.com 

National Instruments 

For More Information Circle No. 617 



READY-TO-USE 
PAPERLESS DATA 
ACQUISITION SYSTEM 

The AstroDAQ paperless data 
acquisition system for acquiring, 
conditioning, analyzing, and net- 
working data includes a wide variety 
of signal conditioners with A/Ds and sampling circuitry, 
plus a liigh-capacity hard drive. Signal conditioner mod- 
ules include built-in DSP-based circuitry for virtually 
unlimited programmable filtering. An AstroDAQ can 
be configured with six modules to piovide 30 waveform 
channels; up to 10 AstroDAQs (300 channels) can be 
networked and controlled by a single PC. Astro-Med, 
Inc., Astro-Med Industrial Park, West Warwick. RI 
02893; Tel: 401-828-4000; Fax: 401-822-2430; astro- 
med@astro-med.com 

Astro-Med, Inc. 

For More Information Circle No. 618 
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1998 PCMCIA 
PRODUCTS CATALOG 

The new PCMCLA-PC CARD slan- 
m dard has been incorporated into 
applications such as datalogging, 
agriculture, digital film, and wire- 
less communications. Envoy Data 
- u ^ 1 has just released its new catalog 
for these new applications, plus many other prod- 
ucts like: memory; I/O (serial, parallel, SCSI, A/D) 
cards; PC card drives for ISA, IDE, SCSI; and indus- 
trial cards and drives, multimedia, industrial, and 
engineering tools for PCMCIA applications. Envoy 
Data Corporation, 6 E. Palo Verde, #3, Gilbert, AZ 
85296; Tel: 602-892-0954; Fax: 602-892-0029; e-mail: 
info@envoydata.com; www.envoydata.com 

Envoy Data Corporation 

For More Information Circle No. 619 



PRECISION 
POSITIONING 
REFERENCE 
GUIDE 

From modular units to 
turnkey positioning sys- 
tems, the best solutions for 
controlled motion can be 
found in this 336-page cat- 
alog of Parker Precision 
Positioning Products. With 
a fiill line of linear and rotary tables, featuring a wide 
assortment of beating and drive technologies, tliis cata- 
log is the ideal reference guide for controlled motion 
and positioning. Parker Hannifin, Daedal Div.; Tel: 800- 
245-6903; www.daedalpositioning.com 

Parker Hannifin, Daedal Div. 

For More Information Circle No. 620 



B97-PRECISION 
INCH CATALOG 

The B97 Catalog has 616 pages 
of specs and design data for 
over 60,000 precision mechani- 
cal components available from 
an extensive stock, along with 
custom manufacturing to con- 
form to your needs. Product 
lines include: assemblies, bearings, belt drives, ball 
& cross roller slides, chains, clutches, couplings, fas- 
teners, gears & gear racks, lead screws, linear com- 
ponents, shafts, specialty hardware, and vibration 
damping components. W.M. Berg, Inc., 499 Ocean 
Ave., East Rockaway, NY 11518; Tel: 800-232-BERG; 
Fax: 800-455-BERG; www.wmberg.com 

W.M. Berg, Inc. 

For More Information Circle No. 621 
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GEOTEST 


FREE TEST 

SOLUTION CATALOG 

New, free, 64-page 1998 PC- 
Based Test Solution Source 
Book from Geotest (Marvin 
Test Systems, Inc.). Features 
over 100 PC-based products for 
ATE, data acquisition, and test 
& measurement applications. New products fea- 
tured include: GT50-DIO dynamic digital I/O, 
NT5000 ROM Emulator, GT40-RFS 200MHz 
Multiplexer, GT614-SM high density switch matrix, 
GTXI instrumentation chassis, and more. Call for 
your free copy. Geotest/ Marvin Test Systems, Inc.; 
tel: 888-TEST-BY-PC (837-8297) or 714-263-2222; 
www.geotestinc.com 

Geotest/Marvin Test Systems, Inc. 

For More Information Circle No. 622 




SEASTR0M 

MACHINING 

DIVISION 

EXPANDS 


Seastrom Machining Di- 
vision has expanded their capabilities to include 
short- to long-run machined products utilizing 
Swiss & automatic screw machines, CNC lathes, and 
CNC vertical milling 4-axis. Seastrom is capable of 
turning precision metallic and non-metallic prod- 
ucts from .010" to 1.000" diameters on production 
screw machine equipment; from 1" to 14" diameters 
on production CNC lathe equipment; and up to 20" 
x 40" production 4-axis vertical millwork. Seasuom 
Mfg. Co., Inc.; Tel: 800-634-2356; Fax: 208-734-7222; 
e-mail: seaeng@micron.net 

Seastrom Mfg. Co. Inc. 

For More Information Circle No. 623 
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NETWORK 
FOR DSP 
APPLICATIONS 
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Introducing FibreXpress™, 
SYSTRAN Corp.’s new line 
of Fibre Channel host bus 
adapters. FibreXpress is 
ideal for very-high-speed 
mass storage and high- 
throughput, data-intensive 
DSP applications such as 
radar, sonar, medical scan- 
ners, and OCR. Request your free tech overview 
today! SYSTRAN Corp.; Tel: 937-252-5601; Sales: 800- 
252-5601; Fax: 937-258-2729; e-mail: info@systran. 
com; WWW: http://www.systran.com 

SYSTRAN Corp. 

For More Information Circle No. 624 


TIME & 
FREQUENCY 
PRODUCTS 

TrueTime’s precision time 
and frequency product cat- 
alog features GPS synchro- 
nized clocks in rackmount, 
board level, and portable 
configurations. These 
units are used for comput- 
er clock synchronization, 
telecommunication timing, time code generation, 
and a wide range of applications requiring precise 
time and/or frequency outputs. TrueTime Inc.; Tel: 
707-528-1230; Fax: 707-527-6640; e-mail: 

truetime@truetime.com; www.truetime.com 

TrueTime Inc. 

For More Information Circle No. 627 


Hiram Jones Elec- 
tronics, Inc. /A Di- 
vision of the Sea- 
strom Hardware 
Group manufac- 
tures a complete 
line of standard 
miniature and sub- 
miniature terminals 
including: insulated 
test jacks, assembled 
standoffs and press- 
type terminals. All 
standard catalog 

items are available 

for immediate pricing and delivery. Call today for 
your free 27-page catalog: 800-634-2356. 

Hiram Jones Electronics, Inc. 

For More Information Circle No. 630 
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INTERNALLY 
GAGED FORCE 
TRANSDUCERS 


Catalogs describe a com- 
plete line of force transduc- 
K ers manufactured by 

Strainsert. Transducers 
include: flat load cells, ten- 
sion and compression from 
250 to 2 million pounds; 
clevis pins with 0-10 vdc 
and 4-20 ma outputs; tension links up to 400,000 
pounds; load-sensing bolts and studs; and load indi- 
cators. “Special” designs are invited. Strainsert, 
Union Hill Industrial Park, West Conshohocken, 
PA 19428; Tel: 610-825-3310; Fax: 610-825-1734. 

Strainsert 

For More Information Circle No. 625 



INSTRUMENT DATA 
ACQUISITION 

The Software Wedge™ directs 
serial (RS-232. RS-485, RS- 
422) data from any instru- 
ment into any Windows 3.x, 
95, or NT application such as 
Excel, MMIs, VB, Control, 
and Statistical applications. 
This configurable driver pro- 
vides full data acquisition and 
control of PLCs, data loggers, scales, flow meters, 
lab instruments, etc. Please contact TAL 
Technologies, Inc., 2027 Wallace St., Philadelphia, 
PA 19130; Tel: 800-722-6004 or 215-763-7900; Fax: 
215-763-9711; http://www.taltech.com 

TAL Technologies, Inc. 

For More Information Circle No. 628 


THE SOURCE 
FOR 

ELECTRONIC & 
MECHANICAL 
HARDWARE 

Seastrom takes pride 
in offering one of the 
widest selections of 
standard electronic 
and assembly hard- 
ware available from 
stock. Seastrom’s 66-A 
Catalog provides a complete source for over 
45,000 products. For a free 550-page catalog, call 
800-634-2356. 

Seastrom Manufacturing Co. Inc. 



For More Information Circle No. 626 
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ROGAN PURE 
TOUCH™ 

CLAMPING KNOBS 

Rogan Pure Touch Clamping 
Knobs are molded with a unique, 
two-shot process: a tough plastic 
inner body covered with a ther- 
moplastic rubber outer surface. 
The soft-to-the-touch, ergonomically designed knobs 
combine a comfortable, secure operating grip with 
rugged construction and superior styling. The new 
16-page, full color catalog on the Pure Touch series 
features four- and five-lobe clamping knobs in a 
range of sizes, and a selection of ball knobs. Rogan 
Corporation, 3455 Woodhead Dr., Northbrook, 
IL 60062; Tel: 800-584-KNOB; Fax: 847-498-2334; 
www. rogan . thomasregister.com 

Rogan Corporation 

For More Information Circle No. 633 


TECHEXPO ON-UNE 
EXPOSITION FOR 
HIGH TECHNOLOGY 

For buyers, sellers, research- 
ers, and managers in all disciplines of engineering, 
technology, and science. 

• Hi-Tech Companies, Products 8c Services (FREE listings) 

• Calendar of Science 8c Technology Events 

• Technical Societies/Trade Associations 

• Technical Trade Magazines 

• Technical Book Fair 

• Hot Products Showcase 

• Buyers' Guide 

• Press Releases 

• Visitor Demographics 

TechExpo; Tel: 310-793-4777; Fax: 310-796-9300; 
e-mail: techexpo@techexpo.com; www.techexpo.com 

TechExpo 

For More Information Circle No. 631 


OEM TUBING 
PUMPS 

Barnant Company an- 
nounces their extensive 
line of Masterflex tub- 
ing pumps, specifically 
designed for OEM 
requirements. Virtually maintenance-free, these self- 
priming, positive displacement pumps run smooth, 
quiet, and efficient at flow rates up to 720 GPH and 
pressures to 40 psig. Models are available in 115 and 
230 VAC, as well as 12 and 24 VDC. Panel mounting is 
optional for many of the pump configurations. Custom 
design is available by contacting Barnant Company, 
28W092 Commercial Ave., Barrington, IL 60010; 
Tel: 800-637-3739; Fax: 847-381-7053; e-mail: 
barnant@mc.net; www.barnant.com 

Barnant Company 

For More Information Circle No. 629 


minalex 



FREE SONEX™ 
NOISE CONTROL 
BROCHURE 

Reduce the pain and cost of 
industrial noise with SONEX 
acoustical products. SONEX 
acoustical products contain 
loud noise at its source or 
absorb overall noise in your 
facility. SONEX™curtains, SONEX™prospec, and 
SONEX™modular can be used as barrier walls or 
enclosures to surround noisy equipment or process- 
es. SONEX panels, wedges, and baffles absorb over- 
all noise and echoes. Call illbruck, inc. at 800-662- 
0032 for a free brochure on Noise Control, or visit 
our web site at www.illbruck-sonex.com 

illbruck, inc. 

For More Information Circle No. 634 


PRECISION 
ALUMINUM 
EXTRUSIONS 

New! An informative 
brochure from MIN- 
ALEX, leader in 
close tolerance 
shapes to 3 1/2", 
illustrates typical 
applications and de- 
scribes capabilities 
including short 
runs. MINALEX, 
quality leader, delivers on time, every time. 
MINALEX, PO Box 247, Whitehouse Station, NJ 
08889; Tel: 908-534-4044; Fax: 908-534-6788. 
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Star of the precision 
aluminum extrusion industry 


Minalex 

For More Information Circle No. 632 


STANFORD 
RESEARCH 
SYSTEMS 
1998-99 CATALOG 

The new 1998-1999 Sci- 
entific and Engineering 
Instruments catalog from 
Stanford Research Systems 
contains product specifica- 
tions, prices, and application 
notes on our full line of instruments. This 200-page 
catalog also has new product information as well as a 
current listing of our international representatives. 
Stanford Research Systems, 1290 D Reamwood Ave., 
Sunnyvale, CA 94089; Tel: 408-744-9040; Fax: 408-744- 
9049; e-mail: info@srsys.com; www.srsys.com/ srsys/ 

Stanford Research Systems 

For More Information Circle No. 635 



92 


www.nasatech.com 


NASA Tech Briefs, June 1998 












NEW INCH & METRIC 
DRIVE COMPONENT 
CATALOG SET 

Free 1,152-page "Handbook of 
INCH Drive Components - 787" 
and 896-page "Handbook of MET- 
RIC Drive Components - 777" fea- 
ture over 62,000 off-the-shelf standardized commercial 
and precision quality components, including over 
4,200 new products. Products include gears, belt and 
chain drives, shafts and shaft accessories, bearings, cou- 
plings, universal joints, vibration mounts, gearheads 
and speed reducers, right-angle drives, brakes and 
clutches, motors and gearmotors. Stock Drive 
Products/Sterling Instrument; Tel: 516-328-3300; Fax: 
800-737-7436; www.sdp-si.com 

Stock Drive Products/ 
Sterling Instrument 

For More Information Circle No. 636 
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INTELLIGENT DATA 
ACQUISITION 

Onboard Intelligence 
provides 

• Real-Time Processing 

• Network Access 

• DSP Commands 

• Control Loops <1 ms with 

• External Expansion 

• 19" Industrial Racks 

• High-Speed I/O 

• Standard PC GUIs 

Call now for your free catalog! Microstar 
Laboratories, Inc., Tel: 888-MSTARLABS (678- 
2752) or 425-453-2345; Fax: 425-453-3199; e-mail: 
info@mstarlabs.com; www.mstarlabs.com 

Microstar Laboratories, Inc. 

For More Information Circle No. 637 



LEVEL, FLOW & 
PRESSURE SENSORS 
CATALOG 

This new catalog from the fluid 
sensor people at Gems Sensors 
Inc. includes a comprehensive 
line of quality-manufactured liq- 
uid level, flow, and pressure sensors. Featured are 
point- and continuous-level sensors including con- 
ductivity, electro-optic, and ultrasonic level sensors, a 
full array of flow sensors, our popular SureSite® mag- 
netic gauges, and pressure transducers and switches. 
The popular Qwik Piks™ section is back with hun- 
dreds of in-stock products available for same-day ship- 
ping. Most products are CE-certified. Gems Sensors 
Inc., 1 Cowles Rd., Plainville, CT 06062; Tel: 800-321- 
6070; Fax: 860-79S4500. 

Gems Sensors Inc. 

For More Information Circle No. 638 


FREE! 130-PAGE 
"OPTICS FOR 
INDUSTRY" 
CATALOG 

Free 130-page product cat- 
alog from Rolyn, world s 
largest supplier of "Off- 
the-Shelf' optics. 24-hour 
delivery of simple or com- 
pound lenses, filters, 
prisms, mirrors, beamsplitters, reticles, objectives, 
eyepieces, plus thousands of other stock items. 
Rolyn also supplies custom products and coatings 
in prototype or production quantities. Rolyn Optics 
Co., 706 Arrowgrand Circle, Covina, CA 91722- 
2199; Tel: 626-915-5707; Fax: 626-915-1379. 

Rolyn Optics Co. 

For More Information Circle No. 639 



Cabinet 

Cooler 
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Cool electronic controls! 


COOL ELECTRONIC 
CABINETS 


UL-listed Cabinet Coolers are 
the quiet, low-cost, reliable way 
to cool and purge electronic 
control panels, eliminating 
CFCs, fans, and fillers. The 
compact coolers incorporate a 
vortex tube to produce cold air 
from ordinary compressed air. No moving parts 
assures long life and maintenance-free operation. 
NEMA 4, 4X, and 12 models available. Literature 
gives selection data and specifications. EXAIR 
Corporation, 1250 Century Circle North, 
Cincinnati, OH 45246; Tel: 800-903-9247; Fax: 513- 
671-3363; e-mail: techelp@exair.com; www.exair.com 

EXAIR Corporation 

For More Information Circle No. 640 



TRANSACTIONS 
TECHNICAL REFERENCE 
SERIES BY OMEGA 

OMEGA's Transactions in Mea- 
surement & Control series is 
designed to provide at-your-finger- 
tips access to the technical information you need to 
help meet your measurement and control require- 
ments. Conceived as a practical thesis - a technical 
reference series for everyday users of instrumenta- 
tion and controls, rather than a series of erudite 
essays - each issue of Transactions will be jam-packed 
with information on a different measurement 8c 
control topic. Contact OMEGA Engineering or use 
our OMEGAfax SM on-line service. Call 800-848-4271 
from a touch-tone phone and request Document 
#9986; e-mail: info@omega.com; www.omega.com 

OMEGA Engineering 

For More Information Circle No. 641 


NEW 1998 DATA 
ACQUISITION 
BOARDS SUPPLE- 
MENT CATALOG 

New 48-page, 1998 sup- 
plement catalog from 
DATEL SYSTEMS offers 
a wide range of high-per- 
formance and general- 
purpose data acquisition 
boards. Over 50 new 
products are offered, 
including advanced performance boards for PCI, 
ISA, and VME bus. For additional information or to 
request a catalog, contact us at 800-233-2765; e- 
mail: datellit@datel.com; www.datel.com 

DATEL SYSTEMS 

For More Information Circle No. 642 



HIGH- 

TEMPERATURE 
INTEGRATED 
CIRCUITS 

HTMOS™ Products, high- 
temperature IGs for high- 
temperature environ- 
ments, are featured in a 
new brochure. Family of 
components ofFers signifi- 
cant performance advantages over traditional silicon 
circuits and operates in temperatures ranging from 
225 to 300°C for at least 5 years. Targeted at sensor sig- 
nal conditioning, data acquisition, and control applica- 
tions in hostile, high-temperature environments. 

Honeywell Solid State 
Electronics Center 

For More Information Circle No. 643 




POSITION 

TRANSDUCER SHORT 
FORM CATALOG 

Data Instruments, an ISO 9001 
certified manufacturer, offers a 
new short form catalog for their 
Position / Displacement 
Transducer Product Family. 
Featured are a wide variety of cost-effective, industry- 
proven linear and rotary potentiometers plus non- 
contact fast linear displacement transducers. 
Standard product specifications, features, and appli- 
cations are included in the catalog. Custom transduc- 
ers built to your specifications. Data Instruments Inc., 
100 Discovery Way, Acton, MA 01720; Tel: 800-333- 
3282; Fax: 978-263-0630; www.datainstruments.com 

Data Instruments Inc. 

For More Information Circle No. 644 




measurement and interpretation. The system 
enables the characterization of how force is dis- 
bursed in any process or assembly where two sur- 
faces come into contact. Topaq renders high-defini- 
tion color maps of pressure distribution and magni- 
tude. Used in conjunction with Pressurex®/Fuji 
Prescale® pressure indicating films. Sensor Products 
Inc., 188 Route 10, Suite 307, East Hanover, NJ 
07936; Tel: 800-755-2201; Fax: 973-884-1699; e-mail: 
sales@sensorprod.com; www.sensorprod.com 

Sensor Products Inc. 

For More Information Circle No. 645 


ADVANCED 
COMPOSITE 
TRAINING 
VISIT OUR NEW 
WEBSITE: WWW. 
ABARIS.COM 

The industry leader in advanced composite train- 
ing since 1983, Abaris Training offers engineering- 
level courses in design and analysis of composites. 
We also offer introductory-level courses and practi- 
cal workshops in fabrication and repair. Abaris 
Training Resources, Inc.; Tel: 800-638-8441; Fax: 
702-827-6599; e-mail: cn@training.abaris.com; 
www.abaris.com 

Abaris Training Resources, Inc. 

For More Information Circle No. 646 



COMPOSITE 
MATERIAL 
PROPERTIES & 
ENGINEERING DATA 

Free engineering and 
machining information for 
composite laminates. Amalga 
Composites has supplied 
driveshafts, beams, instru- 
ment housings, pressure tubing, and vessels for 30 
years. Wound composites are stiffer than alu- 
minum, one-fifth the weight of steel, dielectrically 
strong, non-magnetic, and more resistant than 
stainless. Quick deliveries for sizes up to 42" diame- 
ter or 330" length. Amalga Composites; Tel: 414- 
453-9555; Fax: 414-453-9561. 

Amalga Composites 

For More Information Circle No. 647 
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TEST EQUIPMENT 
FOR LESS! 

Save 10-90% buying recondi- 
tioned test equipment, and 
10% on NEW. Naptech sells 
quality reconditioned test 
equipment by HP. Tek- 
tronix, Fluke, Wavetek, 
Phillips, etc. New from 
Leader, LeCroy, Instek, and 
Bel Merit. Choose from a wide variety of Test 
Equipment, O'scopes, Analyzers, Generators, 
Counters, etc. Equipment is guaranteed for one 
year and meets or exceeds manufacturers' specifica- 
tions. Naptech East Equipment, Inc., Lower Lake, 
CA 95457; Tel: 800-336-7723; Fax: 707-995-7151; e- 
mail: sales@naptech.com; www.naptech.com 

Naptech East Equipment, Inc. 

For More Information Circle No. 648 



1998 

CALIBRATION 
STANDARDS 
CATALOG 

All-new free 1998 catalog 
of metrology calibration 
standards for surface con- 
tamination, critical di- 
mensions, film thickness, 
surface profiling, rough- 
ness, resistivity, and much 
more. All important for ISO 9000 certification. 
Also, valuable information on calibration science 
and VLSI services. VLSI Standards, 3087 North 
First St., San Jose, CA 95134; Tel: 408-428-1800; Fax: 
408-428-9555. 

VLSI Standards 

For More Information Circle No. 649 



RUGGED FPD 
WORKSTATIONS, 
TERMINALS 8, 
MONITORS CATALOG 

If you need a touchscreen com- 
puter, terminal, or monitor for 
rugged or COTS applications, 
you’ll want Deeco's new catalog 
of sealed and embedded sys- 
tems. Deeco products are specially designed for vehi- 
cle-mounting. military vehicles, and sea-going vessels. 
We offer a broad range of standard products and cus- 
tom engineering for specialized projects. Lucas 
Control Systems - Deeco; Tel: 800-376-1154; Fax: 510- 
489-3500; 24-Hr FaxBack: 916-431-6547; Federal 
Systems Office: 301-854-3490; www.deeco.com 

Lucas Control Systems - Deeco 

For More Information Circle No. 650 



UNIVERSAL 
INDICATING 
ISOLATING 
LOOP-POWERED 
TRANSMITTER 

Love Controls introduces its 
SCU universal input, indicat- 
ing, isolating, loop-powered 
transmitter. Selectable input 
for thermocouples, RTDs, voltage, or current is dis- 
played on a 4-1/2-digit LCD display. The loop-pow- 
ered output can be programmed as linear or raw, 
and scaled anywhere across the input scale. Love 
Controls Division, Dwyer Instruments, Inc.; PO Box 
338, 102 Hwy. 212, Michigan City, IN 46360; Tel: 
219-879-8000; Fax: 219-872-9057. 

Love Controls Div., Dwyer Instru. 

For More Information Circle No. 651 



AIR MOVERS 

Air Amplifiers vent, ex- 
haust, cool, dry, and clean - 
with no moving parts. Using 
a small amount of com- 
pressed air as a power 
source, Air Amplifiers move 
large volumes of surround- 
ing air to produce high- 
velocity outlet flows. Air 
Amplifiers are compact, 
durable, portable, and maintenance-free. 
Applications include venting fumes, cleaning, dry- 
ing, or cooling parts. EXAIR Corporation, 1250 
Century Circle North, Cincinnati, OH 45246; Tel: 
800-903-9247; Fax: 513-671-3363; e-mail: 
techelp@exair.com; http://www.exair.com 

EXAIR Corporation 

For More Information Circle No. 652 
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2000 CFM with no moving parts! 



AC & DC MOTOR 
CONTROL DRIVES 

Danfoss Electronic Drives' 216- 
page Adjustable Speed Drives cat- 
alog features the VLT 5000 Series 
adjustable speed drives with inter- 
national approvals (UL, cUL, 
CE) that incorporate sensorless vector control tech- 
nology for fast response (3ms ±lms). Features 
include AC line voltage of 200 to 240VAC ±10% or 
380 to 500VAC ±10%; horsepower range up to 300 
HP with normal overload; and enhanced software 
that provides automatic motor adaptation. Catalog 
includes full line of drives (AC 8c DC) and acces- 
sories. Danfoss Electronic Drives, Div. of Danfoss 
Inc.; Tel: 800432-6367; Fax: 815-398-2869; Fax Back 
System: 916431-6543; www.danfossdrives.com 

Danfoss Electronic Drives 

For More Information Circle No. 653 





Part of the Tech East ’98 mega-event coming to Boston’s 
Hynes Center November 3-5, these two complementary, 
concurrent shows sponsored by NASA Tech Briefs offer a 
unique forum to present new inventions and products to 
America’s leading engineers and technology managers. 

Technology 2008 focuses on advanced R&D available for 


commercial development, partnership and licensing oppor- 
tunities, and technology transfer successes. 

The New England Design & Manufacturing Expo focuses 
on innovative products and services available now to help 
engineers meet their design, prototyping, testing, and man- 
ufacturing challenges. 


Oral and poster presentations are sought for these events in the following categories: 

Computer-Aided Design & Materials & Material Processing Motion Control & Positioning 

Engineering 

Advanced Manufacturing/ 

Rapid Prototyping 


Sensors & Instrumentation 
Test & Measurement 


Bio/Medical Innovations’ 1 ' 
Environmental Technology* 


Technology 2008 poster presentations only 

Poster presentations will illustrate individual technologies/products and their applications; 
oral presentations will be in the form of tutorials or short courses. 


Submit a two-page (maximum) abstract by June 19, 1998 to: Melissa 
Hinnen, NASA Tech Briefs, 317 Madison Avenue, #1900, New York, NY 
10017; fax: (212) 986-7864; e-mail: melissa@abptuf.org. Include the 
presentation title, category and event, your name, title, affiliation, address, 
phone and fax numbers, and e-mail address. Indicate your preference for 
“Oral Presentation" or "Poster Presentation" (placement is subject to the 
discretion of an independent review panel, which will judge submissions on 
the basis of their technical merit, innovation, and commercial significance). 
Original material only. All submitters will be notified by July 10. Please 
note: authors are responsible for any applicable registration/material fees 
and travel/accommodation funding. 


Questions? Call (212) 490-3999, ext. 244. 

For information on other 
Tech East ’98 presentation opportunities; 
Photonics East & Electronic Imaging Inti. — (360) 676-3290; 
fax (360) 647-1445; e-mail: pe98@spie.org 
Small Business Tech Expo & National SBIR Conference — 
(360) 683-5742; fax (360) 683-5391 
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Marketplace To Advertise — Call (212) 490-3999 


Applied Science Laboratories 

175 Middlesex Tpk, Bedford, MA 01730 
tel: 781-275-4000 ASL@A-S-L.COm 


Eye Tracking, 


Pupil Size 


Easy to use 
Reliable 
Flexible 
Customized 



For More Information Circle No. 580 


Low-Cost, 
Industrial-Grade 
Pressure Transducer 

• < $39 in OEM quantities 

• 25 to 1 50 psi ranges 

• Stainless steel package 
•.5 to 4.5 Vdc output 

• Weatherproof connector 

• -40° to 225°F operating 
temperature 



| DATA INSTRUMENTS 

1 00 Discovery Way 

Acton, MA 01720-3648 USA 

Tel: (800) 333-3282; Fax: (978) 263-0630 

http://www.datainstruments.com 

For More Information Circle No. 582 


Continuous Liquid 
Level Transmitters 


XMP-800 

All Plastic 
TVl* 


• 4-20mA, 
0-5VDC, 
0-12VDC and 
0-12VDC w/Hi & lo 
Alarm Outputs Available. 

• All-Plastic or Metallic Types. 

• 1/4" Resolution. 

• Lengths to 15 Feet. 

• Many FM and CSA Listed. 


Call toll-free: 

800-321-6070 




T028 www.gemssensors.com 

For More Information Circle No. 581 


POSITION 

ACCURACY 

to ±0.5 arc second! 


Inductosyn® transducers provide 
absolute or incremental 
position data to ±0.5 arc^ 
second (Rotary) or 
±40 microinches . 

(Linear). 

Resolution 
to 26 bits. 

For brochure, 
call 914/761-2600 
or fax 914/761-0405. 

Hi FARRAND CONTROLS 

DIVISION OF RUHLE COMPANIES, INC. 
99 Wall Street, Valhalla, NY 10595 



For More Information Circle No. 583 


DEHUMIDIF 

SUPER DRY 5-30% 

Ceramics - Museum pieces 
Semiconductors - Pharmaceuticals 
Chemical powders - Precision molds, parts 

AUTO DRY 30-50% 

Compact discs - Magnetic tapes, discs 
Film, photographs, stamps - Precious metals 
Wrist watches - Mechanical, electromechanical parts 
Cameras, lenses, optical instruments 

Economical, efficient, and affordable. 

Sizes from 153/4 x 17 i/ 4 x 15 to 48 x 72 x 26 


Patented, innovative 
process eliminates 
dessicant replacement. 


PRESERVE VALUABLES 
FOR CE NT U R I ES. 

800 - 275-4899 

C U I Stack Inc., 9615 SW Allen Blvd. #103, Beaverton, OR 97005 



CUI STACK 


FAX: 

(503)643-6129 
On top of it/ 


ELECTRICAL 

CONDUCTIVE 

ADHESIVES 

Designed To Your 
Specifications 

MASTER BOND EP76M EPOXY 

I High conductivity 
I Thermal shock resistant 
I Durable, high strength bonds 
I Water and chemical resistant 
I Convenient packaging 
I Long storage 
stability without 
refrigeration 1 

I Repairability J 

fx'' call or write 

Master Bond Inc 
154 Hobart Street 
Hackensack. NJ 07601 
201-343-8983 

Master Bond Inc. 

Adhesives, Sealants A Coatings 


For More Information Circle No. 441 


The Technology Connection 

To Advertise 
Call (800) 944-NASA 



80/20 Inc. 

he Industrial Erector Set^Nk^ 

For the Full Story... 

| www. 8020 .net, 

(219)248-8030 • FAX 248-8029 
1701 South 400 East * Columbia City, IN 46725 


item 



For More Information Circle No. 584 


products, inc. 

800-333-4932 

www.item-products.com 

Dream It Design It Build It.. .With Item. High strength aluminum 
profiles and accessories for the ultimate structural system. 


Why Weld? Use stock, modular 
framing to build projects quickly. 

Bases • Workstations ^Guards 
Get Free 1 48 page catalog. 

MinlTec Bloomfield. NY 

Call: 800 642-6446 
In NYS: 716 657-6151 
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ELECTRONIC DIPSTICK. 
Developed 1991 . 
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NASA HAS PARTNERED 
WITH THOUSANDS OF 
COMPANIES TO DEVELOP 
NEW PRODUCTS, example 
AN ELECTRONIC DIP- 
STICK. WHICH GIVES 
MOTORISTS A VISUAL 
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LEVELS. WAS ADAPTED 
FROM A TECHNOLOGY 
DEVELOPED FOR THE 
SPACE SHUTTLE PROGRAM 
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Launching a satellite has never been easy. The people at 
The Aerospace Corporation know that. So they rely on a 
powerful data analysis and visualization software package 
called I DL to make it a little easier. 

The Aerospace Corporation’s business involves designing 
and testing the most powerful, safest and environmental- 
ly sound propulsion systems for satellite launches. 

A special team, led by Dr. Andy Mcllroy, uses IDL, the 
Interactive Data Language , for combustion data analysis. 
IDL allows them to quickly manipulate and display data. 
It allows them to test ignition methods and develop com- 
bustion formulas with minimal environmental impact. 
And they can share their work between Windows, Unix 
and Power Macintosh machines because of IDL’s unique 
cross-platform design. 
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science 

“At The Aerospace Corporation, we use IDL software 
because of its flexibility and ability to run on lots of 
different devices in our lab. The data processing capabil- 
ities let me see what’s happening in ways I need to^ Dr. 
Mcllroy says. 

Thousands of other people also use IDL to turn their 
data into useful information. People like Dr. Amir 
Najmi, of Johns Hopkins University Applied Physics 
Lab, who is developing optimal processing methods for 
electromagnetic and acoustic data. “Once I have an 
idea,” says Najmi, “1 can quickly prototype that idea and 
see the results almost instantly.” 

Find out how IDL can help you improve your analysis 
and make better decisions from your data. Contact us 
today for a free demo CD. You can also request 
Engineering Test & Analysis Application Profiles, which 
details the many interesting applications of IDL. 
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Contact us today for information on IDL software and to receive a free demo CD. 
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